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STANDARD OPERATING PROCEDURE MP-001, Rev. 18
EBERLINE Effective: 2%/17

SeErviCESs Sample Recelving Page 140f 15

Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST
MP-001-3

17-07084

Eberline Services Work Order #

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist ltems

78-12 ':)'é ] Sample Log-in
5"2} , / Data Compilation

7 (2/

,Te

First Technical Data Review

g{%. “ M " | Second Technical Data Review

4‘/u, / g8 lg Data Entry/Electronic Deliverable
\J .

M, , / N < Case Narrative

Eilectronic Deliverable Proof

NN

vETINT

- Samples Analyzed within Holding Time
M&w W Yes? LA No?
VA v | owac Review

Client in Possession of Data
Electronic or Hard Coby

Invoiced by Laboratory

Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/initials
/'—-__—--"‘-._
Date package approved by: ‘\ : “# 3/ LQ W
Laboratory Manager Date
Copy No. Radiochemistry Services
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Internal

Work Order #

17-07084

EBERLINE . Lab Deadline 8/10/2017
’ o SERVICES Chaln Of
Oak Ridge Laboratory Cu t d Analysis UUISO - Level 4
stoqay Sample Matrix Sofl/Solid
Sample HP 210 / 270 Storage
Comments Fractli)on Detector i/\ctivity Locatiin
04 59 L1.4
05 52 L1.4
(11 45 Li.4
07 75 L1.4
Report on dry weight basis. 08 87 L1.4
09 87 L1.4
10 83 L1.4
11 55 L1.4
12 65 1.4
13 47 1.4
i3 46 L1.4
Fraction 08 is MS of fraction 07. 15 47 L14
16 46 L.4
17 88 Li.4
Fraction 09 is MSD of fraction 07. 18 o LA
19 41 L1.4
20 55 L1.4
ocation (circle one) " Initials Date

k T
Recelved by Sample Storage Rough Prep Prep Separations Count Room 19-30 hc,? 9",_; 7L l 7_ /7
Relinquished by Sample Storage Rough Pre} Prep Separations Count Room § ¢ kq} jcd) . -
ugh Prep. )38 7-2¢~17
Received by Sample Storage Rough Prep Prep Separations Count Room q

s )it 113

L
Relinquished by Sample Storage Rough Prep / @ Separations Count Room <]
Received by Sample Storage Rough Prepk Prep @eﬁarationé Count Room
~
Relinquished by Sample Storage Rough Prep Prep W Count Room ?M %-4 747 l Oﬁ .
£
> =Y
Received by Sample Storage Rough Prep Prep Separations % ™
Relinguished by Sample Storage Rough Prep Prep. Separations CoyatRoom é:_% " W r
e —
b |
Received by Sayh‘é@Wough Prep Prep Separations Count Room
Relinquished by Sample/Storage Rough Frep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printed: 7@@@779:27 AM



Internal

Work Order #

17-07084

EBERLINE . Lab Deadline 8/10/2017
Services Chain of ——
. Analysis - Level 4
Oak Ridge Laboratory CU StOd Y
y Sampie Matrix Soil/Solid
Sample HP 210 /7 270 Storage
Comments Fraction Detector Activity Location
04 59 L1.4
05 52 L1.4
06 45 L1.4
07 75 L1.4
Report on dry weight basis. o8 87 L1.4
09 87 Li.4
10 83 LL.4
11 55 LL.4
12 65 L1.4
13 47 Li.4
14 46 L1.4
Fraction 08 is MS of fraction 07. 15 47 Li4
16 46 L1.4
. . . 17 88 L1.4
Fraction 09 is MSD of fraction 07. 18 o 14
19 41 L1.4
20 55 L1.4
Location (circle one) Initials Date
r
Received by Sample Storage ( Rough?ep Prep Separations Count Room 1230 k‘j Sﬁ’) 7‘ 1')‘ ’ 7
Relinquished by Sample Storage @gh P:?ap Prep Separations Count Room 1/35— Ib) M 7.)_&_ ! ’)
s e, <
: ]
Received by Sample Storage Rough Prep rep Separations Count Room \ E—@Mﬁ
-2l C\_
Relinquished by Sample Storage Rough Prep ﬁrep) Separations Count Room " y
- [N
Received by Sample Storage Rough Prep \'Prep 'Ee arations | Count Room w /“( 4{-? [‘ o
Relinquished by Sample Storage Rough Prep Prep Geparations"ﬁ Count Room -'Wlf M gJ?W agels
2
Received by Sample Storage Rough Prep Prep SeparaﬁMt 1 %}Wﬁ_
Relinquished by Sample Storage Rough Prep Prep Sepal w g /f?a/%i , )"‘[D——
Received by Sa@ Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Reough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Roem
Relinquished by Samgple Storage Rough Prep Prep Separations Count Room

Printed: TQJQCQ?&:ZT AM



= Internal ok orer 17-07084
L= R Chain of Lab Deadine See Comments
Oak Ridge Laboratory Analysis Gamma - Level 4
C u StOdy Sample Matrix S0
S I HP 210/270 S
comments Fr:r:go?r Detector Activity L;g;:f:r
04 59 L14
Re-Analysis: 2Fractions 04-07 & 10-20 only: 21 day 05 52 L14
ingrowth: Report Ac228, Bi212, Cs137, K40, Pa234m, Pb212, = & o
Ra224, Ra226 from Bi214/Pb214, Ra228 from Ac228, TI208, 10 83 L4
. . - 11 K
Th234 positives. Report on dry weight basis. = = )
13 47 L1.4
14 46 L1.4
o - TRl Ll — £ o4
o 17 88 L14 N
18 43 L1.4
19 41 L1.4
20 55 L1.4
Location (circle onej Technician Initials

Received by Rough Prep Prep Separations Count Room }D_‘},ﬁ ‘&\.‘, %’ 7 2?' [ 1_7

Relinguished by Sample Storage @p Prep Separations Count Room ” C4 8 k,z 54 "[ A% 7

pameree"

Received by Sample Storage Rough Prep Prep Separations @ '\L& q__ \93 l ‘A_
T =)

L2

Relinquished by Sample Storage Rough Prep Prep Separé@ \((-{b g j L q' h 4_ 04%

Received by Sa@@_&? Rough Prep Prep Separations Count Room

Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Prép Separations Count Room
Received by Sample Storage Raough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separalions Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Reom
Relinguished by & Sample Storage Rough Prep Prep Separations Count Room

Printed; 7IQIQQ 9:04 AM
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STANDARD OPERATING PROCEDURE MP-001, Rev. 18
6’5' ' EBERLINE Efctive: 2111/17

EERVICES Sample Receiving Page 130f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

. MP-001-2
WORK ORDER # 1 7 07 U 8 4
SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)
AQUEOU NON-AQUEOQUS
(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:
Received in good condition? @ N
If aqueous, properly preserved Y N { NIB

™

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

Was chain of custody present upon sample receipt?

SIS SISIC

IF THE RESPONSE TO ANY OF THE ABOVE [S NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:
SIGNATURE: DATE: _/-/5+12
Copy No. Radiochemistry Services

0012
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EBERLINE ANALYTICAL CORPORATION
60| SCARBORO ROAD

8 E BERLINE OAK RIDGE, TENNESSEE 37830
SERVICES PHONE (865) 481-0683
Fax (865) 4L83-L62]

EBS-OR-42657
September 14, 2017

Smita Sumbaly

Weston Solutions, Inc,

1090 King Georges Post Road, Suite 201
Edison, NJ 08837

CASE NARRATIVE
Work Order # 17-07084-OR

SAMPLE RECEIPT

This work order contains fifteen solid samples received 07/18/2017. These samples were analyzed for
Isotopic Uranium, Isotopic Thorium and by Gamma Spectroscopy.

CLIENT ID LABID CLIENT ID LABID
HTC-A01-5008-3036-01 17-07084-04 HTC-A02-S001-1824-01 17-07084-13
HTC-A01-S008-3642-01 17-07084-05 HTC-A02-S001-2430-01 17-07084-14
HTC-A01-5008-4248-01 17-07084-06 HTC-A02-5001-3036-01 17-07084-15
HTC-A02-5001-0006-01 17-07084-07 HTC-A02-5001-3642-01 17-07084-16
HTC-A02-S001-0006-01 MS 17-07084-08 HTC-A02-5002-0006-01 17-07084-17
HTC-A02-S001-0006-01 MSD  17-07084-09 HTC-A02-S002-0612-01 17-07084-18
HTC-A02-5001-0006-02 17-07084-10 HTC-A02-5002-1218-01 17-07084-19
HTC-A02-S601-0612-01 17-07084-11 HTC-A02-5002-1824-01 17-07084-20
HTC-A02-S001-1218-01 17-07084-12

ANALYTICAL METHODS

Isotopic Uranium was analyzed using EPA Method 908.0 Modified. Isotopic Thorium was analyzed using
EPA Method 907.0 Modified. Gamma Spectroscopy was performed using EPA Method 901.1 Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

Minimum Detectable Activity (MDA) values for data represented in this report are sample-specific.
MDA measurements are determined based on factors and conditions including instrument settings, aliquot
size and matrix type.

SPECIAL CIRCUMSTANCES

Samples were dried and ground prior to analyses. Results are reported on a “dry weight” basis.
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Uranium determinations. The Uranium-233/234,
Uranium-235/236 and Uranium-238 method blank demonstrated acceptable results. Chemical recovery
was acceptable for all samples. Results for the Uranium-233/234 and Uranium-238 duplicate
demonstrated an acceptable relative percent difference and normalized difference. Results for the
Uranium-235/236 duplicate demonstrated a high relative percent difference; however, normalized
difference is within acceptable limits for the analytical technique. Results for the Uranium-234 and
Uranium-238 laboratory control sample demonstrated an acceptable percent recovery. Results for the
Uranium-234 and Uranium-238 matrix spike and matrix spike duplicate demonstrated an acceptable
percent recovery.

ISOTOPIC THORIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Thorium was selectively extracted by ion exchange. Thorium was cluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232. Chemical
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium determinations. The Thorium-228, Thorium-230
and Thorium-232 method blank demonstrated acceptable results. Chemical recovery was acceptable for
all samples. Results for the Thorium-228, Thorium-230 and Thorium-232 duplicate demonstrated an
acceptable relative percent difference and normalized difference. Results for the Thorium-228, Thorium-
230 and Thorium-232 laboratory control sample demonstrated an acceptable percent recovery. Results for
the Thorium-228 matrix spike demonstrated a high percent recovery. Results for the Thorium-230 matrix
spike demonstrated a Jow percent recovery. Results for the Thorium-232 matrix spike demonstrated an
acceptable percent recovery. Results for the Thorium-228 matrix spike duplicate demonstrated a high
percent recovery. Results for the Thorium-230 and Thorium-232 matrix spike duplicate demonstrated an
acceptable percent recovery. Due to the positive nature of the matrix spiked sample with Thorium-230
activity, resolution of the matrix spike additions were problematic.

GAMMA SPECTROSCOPY

Samples were dried, homogenized and placed into appropriate gamma spectroscopy geometry containers.
Samples were then sealed for 21 days to allow for ingrowth of Radon-222 and progeny. Samples were
counted on High Purity Germanium (HPGe) gamma ray detectors. Energy lines from Lead-214 and
Bismuth-214 were analyzed for determinations of Radium-226 activity.
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ANALYTICAL RESULTS CONTINUED

GAMMA SPECTROSCOPY CONTINUED

Initially samples were counted on an “as received basis” and preliminary data only was emailed. After the
initial count, samples were dried, pulverized and sealed for Radon-222 ingrowth. Samples demonstrated
acceptable results for all gamma emitting radionuclides as reported. Results for the method blank
demonstrated acceptable results for all gamma emitting radionuclides as reported. Positive Radium-224
results are artifacts of the Gamma Apex software and are not true positives. Results for the Actinium-228,
Potassium-40 and Radium-226 replicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Cobalt-60 and Cesium-137 laboratory control sample demonstrated
an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

N\

M.R. McDougall
Laboratory Manager

Date: 9/14/2017

Eberline Analytical wants and encourages your feedback regarding our performance providing radioanalytical services. Please
visit http//www.eberlineservices.com/client. htm to provide us with feedback on our services.
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SECTION 1V

ANALYTICAL RESULTS SUMMARY
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‘T QGG REVIEWED | CERTIFICATE OF CALIBRATION

® e L/14{47 a5 uC| ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE
Half Life: (4.468 £ 0.005) x 10°9 years P.O.No.: QR2778
Catalog No.: 7338 Reference Date: January 1 1995 12:00 BST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi
Contained Radioactivity: (Total U) 297 kBq

Description of Solution

a. Mass of solution: 65.2896 g in a 50 ml flane sealed ampoule

b. Chemical form: Uranyl Nitrate in H20

¢, Carrier content: None

d. Density; Approximately 1.3202 _ g/ml @ 20°C.
Radioimpurities Refer to attached technical datz sheet e
Radioactive Daughters AN

Refer to attached fechnical data sheet

Radionuclide Concentration

(Total U) 0.1228 . pCifg.
Method of Calibration

Activity calculations are based upon known specific activity and mass,

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes '

1. Nuclear data were taken from "Table of Radioactive kotopes”, edited by Virginia S. Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to establish and maintain iroplicit traceability for a number of puclides,
based on the blind assay (and later NIST centification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).
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' 3017 N. San FERNANDO BLvD,

SN BurBaNK, CALIFORNIA 91504




QUALITY CONTROL PROGRAM
MP-008

Rev.8; 11/01/03
Title: Radivactive Reference Standards Sofuliens & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE| .
] SOLUTION #

SOLUTION REFERENCE #[IPL479:50:
Princl ) al Radlonucllde Half Llfe,‘Years

Half Llfe. Days
i 1632E42]

Radionuclide}:
Certified Activity]: pCi
Certified Concentration} pCi per gram
Ampoule /Solution Gross :6400|Weight, Grams
Empty Ampouie :5020]Weight, Grams
Solution Net 1380|Weight, Grams
Total Activity in Ampoule|- . uCi

Chemical Composition of Standard smutlon
[Grany

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of}:=:1080:00.:;. milliliters

=2, 780E+07 | dpm at the date listed above

This activity concentration is based on the original

- And after dilution the activity of this solution is = 77955E+ D4 [dpmYmieference date listed above. AYl activities are corrected
1o the date and time of analysis by the laboratory data
procassing software.

Certified Total Activity of AT

8.0160]uCi Which Equals

Expiration Date:[ ~June 28,2018 - |

Date: 7122017 0:00

’7!95! ()

Verified & Approved By

QC Approval Date:

0034



ERERLINE QUALITY Cg}!ﬂ’gROL PRCGRAM

SERVICES

Rev.8; 11/01/03
Titte: Radioactive Reference stanqards Solutlons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-005 Date]. 71122017 0:00
Solution Reference #[IPL-479-50 } Solution #|:
Pri ncipal Radmnuclrde Half Ltfe Days
BHTBIR T : - 1.632E+12]

Radionuclide of Interest
Parent Solution Cong,|21:779

Reference Date}:

1595 000]

dphlml

Chemical Composition of Standard Solution

Dilution Instructions: : Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: {iml -
Total Activity: -04{dpm Finai Activity Congentration:}: 2~ 7. 1182E+01| dpm/ml
Final Volume: 0] mi :

This activity concentration is based on the original
reference date listed above. All activities are

NOTES: _ comrected to the date and time of analysis by the
laboratory data processing software,

isotopic Distibution as:

U-238 Atom % = 48.2390  U-238 =71.182 dpr/ml X 0.48249 = 34,345 dpmimi
J-235 Atom % = 2,25 U-235 = 71.182 dpmiml X 0.0225 = 1.602 dpmim|
U-234 Atom % = 49.501 U238 = 71.182 dpm/ml X 0.49501 = 35.236 dpm/m|
All values H- 3.6%

Expiration Date:l June 28, 2018 |
|sotopic ratios from manufaciurer's data sheet

Verified & Approved By N ;'\ ate: 711212017 O: 00
QC Approval f SQQA @ﬂ £ E Date: ﬂjl g# 1:2

0035
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* RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

 Remarks

Approved
Signatory

Principal radiopuclide:

Product Description & Measurement Certificate

uranium 232 (U-232)  Product code: UDP10059
Daughter Nuclide: Th-228 Batch Number: 92/232/67
Reference date: 01 March 2000
Radioactive concentration U-232 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution
Mass of soluion S.35€ grasns
Volume of solution 5.035 millilitres
Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Random uncertainty is: + 0.7%  Systematic uncertainty: £ 0,5%

Overall uncertainty in the radioactive concentration quoted above: +1.7%
Overall uncertainty is defined on the reverse of this certificats.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughiers activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date .

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
This Tracer solution has been produced ‘carrier free’.

Recommended half life of uranium 232: 6.980E+01 years

Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of uranium 232: 8.167E-+05 Bq per microgram U-232.

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently andited and
approved to ISC 9001.

ik

Roger Wiltshire

Project Ref. AE2315

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA,

Trkeert.wps 10/03/00

AEA Technology is the trading name of AEO’O%logy plc




QUALITY CONTROL PROGRAM

MP-009
ESERpINE '

Rev.8; 11/01/03
Tide: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE]"
SOLUTION REFERENCE #{AEA/Amersham 92/232/67: 3] SOLUTION #}*
|Principal Radionuclide Half Life, Years Half Life, Days
: E01) {z5 7 2.A30E+04]
Radionuclide Reference Date|: 112000:0:00]
Certified Activity Tise]
Certified Concentration uCi per gram

Weight, Grams
Weight, Grams
-[Weight, Grams
0.9760|uCi

Ampoule /Solution Gross|
Empty Ampoule]

Solution Net|

Total Activity in Ampoule|"

Dilution Instructions:

Dilute to a volume of}

Which Equals [ 7:2.167E406|dpm at the date listed above

R . . . e - This activity concentration is based on the original
And after dilution the activity of this solution is|-2.167E+03[{dpm/ml reference date listed above. All activities are corrected
to the date and time of analysis by the {aboratory data
processing software.

Certified Total Activity of| .. ~.0.976!

Expiration Date:| Oglober7,:2017 "}

T ‘
Verified & Approved By ] \ Date: 117712016 0:00
QC Approval f‘éﬁﬁ/@@—' Date: !’/f"/ ¢
\ 1\ '
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m

ERVICES Mp-mg

@gg_s Lie | QUALITY CONTROL PROGRAM

Rev.8; 11/071/03
Tide: Radioactive Reference Standards Sclulions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-008

Radionuclide of Inferest
Parent Solution Cone. (=

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Val, Parent Solution:
Total Activity:
Final Volume:

0.0000} ml
{dpm Final Activity Concentration:| -~ . 2 1670E+01 [dpm/m]
02:00)mi

This activity concentration Is based on the original
reference date listed above, All activities are
corvacted to the date and time of analysis by the
laboratory data processing software.

NOTES:

Expiration Date:l QOctober 7, 2017 |

{.—“\\ Q
Verified & Approved By % \ A Date: 11/7/2016 0:00
QC Approval | Date: ﬂADﬁ b
\ } g:: 77

0038

sy



— 24937 A Tibbitt 71'/3
=‘ ISOtOpe PrOdUCtS Va!encia\;gr;ﬁ?or:'lia’Q;SS

, Laboratories
: ' Tel 661+309-1010
An Eckert & Ziegler Company Fax 661257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 + 160 years P.O. No.: 00009633

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-54 Contained Radioactivity: 1.013 KCi 37.48 kBq

(Th-229 only)

Physical Description:

A, Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form; Th{NO3), in 0.1M HNO,
C. Carrier content: 10ug ThimL
D. Density: _ 1.0018 g/mL @ 20°C.
Radicimpurities:

None detected (daughters in equilibrium)
Radionuelide Concentration: 0.2020 uCifg, 7474 kBa/g
Methed of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCi/g was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV
Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random} uncertainty: £t 0.7%
B. Type B (systematic) uncertainty: ¥ 30%
C. Uncertainty in aliquot weighing: t 0.0%
D. Total uncertainty at the 99% confidence level: + 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

%, U J b 7~ Jon -02-
Quality Control ~ Date Signed IPL Ref, No.: B867-54

150 9001 CERTIFIED
Medical imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504

10039




EBERLINE MP-009

% QUALITY CONTROL PROGRAM

Rev.8; 1/10/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 008

: CURRENT DATE
SOLUTION REFERENCE #|IPiZ 867:5¢: |  SOLUTION #:7: al
|Principal Radionuclide H if Llfe Years ‘ Half Life Days

7340 4 [ 7 T 2681E+06]

8!16!2017 0: 00

= e e ———

Radionuclide Reference Date| . /1 5!2002 0:00]
Certified Activity F00uci
Certified Concentration = |JuGl per gram
Ampoule /Solution Gross 752|Weight, Grams
Empty Ampoule 1| Weight, Grams

016 1|Weight, Grams
pCi

Solution Net| -
Total Activity in Ampoule| " -

Chemucal Compositton of Standard Solution

Difution Instructions: Dilution Solvent Used , El'l M HNO;

Dilute to a volume of |’ 1000:002:7 Imilliliters

Certified Total Activity of|. - :1.0130juCi - Which Equals | - 2.249E+06|dpm at the date listed above

. . - This activity concentration is based on the original
And after dilution the activity of this solution is| 2.249E+03|dpm/ml  reference date listed above. All activities areﬂgorrected
) to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| August 11, 2018 |

Verifind & Approved Ry ‘ ; ‘:| Data: KRMARO1T7 00D

QC Approval %A}&’_ Date: 8’/((,9{ )
Ny T N N

0040




%ﬁ: mErmp s | QUALITY CONTROL PROGRAM

Rev.7; 9/28/99
Tile: Radicactive Reference Standards Solutfons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Date|- 8/16/2017 Q 00
Solution # "'183 R

HalfL'rfe, Days
[ 2es1E+8]

Radionuclide of interest] %% Reference Date| . 1/15/2002 0:00]

Parent Solution Cone.}' -

Chemical Composmon of Standard Solution
{THNG,); NO:

IDitution tnstructions: Dilution Solvent Used [oamaNes o ]

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:
Total Activity:
Final Volume:|

Final Activity Concentration:[. - - . 2.2480E+01{dpm/ml

This activity concentration is based on the original
§ reference date listed above. All activities are
NOTES: corrected to the date and time of analysus by the
Iaboratory data processing software.

Expiration Date:l August 11, 2018 |

Verifled & Approved By Date: 8/16/2017 0:00
N . )
QC A‘prcvmm Date: ﬁfi Co/ (7
AY \ \ ) ] 1 T
™ J
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RTIFICATE OF CALIBRATI

Qe Ry AT PHA STANDARD SOLUTIO %;B«\ 5 e

Date 0 / Initials 4., | % @%@ \,a@
" Radionuelide Th230 Customer: TMA EBERJW ?% gl
Half Life: {7.54 + 0.03) x 10°4 years P.O.No.: TT4944
Catalog No.: 7230 Reference Date: November 1 1991 12_00 PST.
Source No.: 388-116 Contained Radioactivity: 1.036 £Ci.
Description of Solution . .

a. Mass of solution: 5.0042
b. Chemical form: ThNO3)M in 0.IN HNO3 e
¢. Carrier content: None added )
d. Density: 1.0016 , ml @ 20°C.
Radioimpurities
See attached technical data sheet
Radioactive Daughters
See attached technical data sheet
Radionuclide Concentration
0.207 #Cllgram.

Method of Calibration
Weighed aliquots of the solution were assayed using a liquid scintillation counter.

Uncertainty of Measurement o
a. Systematic uncertainty in instrament calibration: +2.0%

b. Random uncertainty in assay: ‘ +0.5%
¢. Random uncertainty in weighing(s): +0.2%
d. Total uncertainty af the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institate of Standards and Technology.
Notes :
1. Nuclear dats were taken from "Table of Isotopes®, Seventh Edition, edited by Virginia S. Shidey.
2. IPL paricipates in an NIST measurement assurance program to establish and maintain implicit
traceability for a mumber of nuclides, based on the blind assay(and later NIST cestification) of
Standard Reference Materials, (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1860 No. Keystome Street.,

Burbank, California 91504

(818) 843 - 700

0042



RLINE MP-009
_Em

QUALITY CONTROL PROGRAM
% EBE

Rev.14; 10110/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE 2128/2017 0 00

SOLUTION REFERENCE #[{PL°388-116:

criio]  SOLUTION#| - -Thel
Principal Radionuclide Half Life, Years _ _ Half Life, Days
"7 540EX04 B 2.754E+07]

Radionuclide| “"Thorium| Reterence Date|" ST
Certified Activity[-~

-036E+00]{ Ci
== |uCi per gram

Certified Concentration|

Ampoule /Solution Gross|.~ - 9.2660|Weight, Grams
Empty Ampoulel].. .6218]Weight, Grams
Solution Net|- .. 4.8442|Weight, Grams

Total Activity in Ampoule]| - = 1.0360{uCi

Ghem;callComposihon of Standard Solution

jpilution Instructions: Dilution Solvent Used [OANHNG, o

Dilute to a volume of[- - ~1000.00::/ |milliliters

Certified Total Activity of|

-1.0360]uCi Which Equals | . ‘2.300E+06|dpm at the date listed above

is activity concentration is based on the original

And after dilufion the activity of this solutlon is{ 2.300E+03|dpm/m} referenne date Jisted above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[ February 1, 2018 |

. Date: 2/28f2017 0:00
N
Qc Approva@}\k%v\—v\ Date: ‘%/ ! f )
~~\ -
A\
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X . QUALITY CONTROL PROGRAM
S EBERLINE MP-009

Rev.14; 101102012
Title: Radioactive Reference Standards Solufions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 2/28/2017 0:00
Solution Reference #liPL 388116~ . | Solution#] ~Th-1b -
Principal Radionuclide Half Life, Years Half Life, Days
;—mﬁ_v}.;L| 7.540E+04 | 2.754E+07
Radionuchide of Interest] >"Thorium Reference Date[  11/1/1991 0:00]
Parent Solution Cone,j __2.30E+03 _ |dpm/ml

Chemical Composition of Star:dard SOIution
Th{NOg), in G AN HN03 3

Dilution Instructions: Dilution Solvent Used [0.1N HNO,

SECONDARY VOLUMETRIC DILUTION

This activity concentration is based on the original
. reference date fisted above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:] February 1, 2018 |

Recertified By \ Date: 2/28/2017 0:00

Qc Approval

( Date: 3/! /[7
. = \ {1

Vol. Parent Solution:| . - 10.0000{mi
Total Activity:| 2.2098E+04idpm Final Activity Concentration:| 2.0999E+01]| dpm/mi
Final Volume: 1000.00m!1

0044




g 24937 A Tibbitt 7Z '/8
=' .SOtOPe Pl’OdUCtS Valencia‘,fecagll.::or:]ia]91s355

_ Laboratories
: ' Tel 661+309-1010
An Eckert & Ziegler Company Fax 661+257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 £ 160 years PO, No.: 00009633

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-54 Contained Radioactivity: 1.013 pCi 37.48 kBq

(Th-229 enly)

Physical Description:

A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: Th(NOs), in 0.1M HNO3
C. Carrier content; 10ug Th/mL
D. Density: _ _ 1.0016 g/mL @ 20°C,
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 uCilg, 7474  kBafg
Method of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCifg was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV
Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A, Type A {random) uncertainty: + 0.7 %
B. Type B (systematic) uncertainty: t 3.0%
C. Uncertainty in aliquot weighing: £ 0.0%
D. Total uncertainty at the 99% confidence level: + 3.1%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

R Y 7~ Jon-02
v Quality'Control , Date Signed IPL Ref. No.: 867-54
150 9001 CERTIFIED
Medical imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
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QUALITY CONTROL PROGRAM
EBERLINE MP-008

EERVICES

Rev.8; 1/10/03
Titte: Radioactive Referance Standards Solutions & Records

- EBERLINE SERVICES - OAK RIDGE LABORATORY
' RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

GCURRENT DATE} = - 811612017 0*00

SOLUTION REFERENCE #{IP|2867:54 SOLUTION #|
Principal Radionuclide Half Life, Years ' Haif Life. Days
2R : [ 2681E+06]
Radionuclide} Reference Date|’ . . 4/15/2002 0:00]
Certified Activity| ' '
Certified Concentration}. :
Ampoule /Solution Gross|:: 18,7752 |Weight, Grams
Empty Ampoul 3.7591|Weight, Grams
Solution Net] . . '5,016%|Weight, Grams
Tota! Activity in Ampoule| " - uCi

Chamlcal Composmon of Standard Solution

Dilution Instructions: Dilution Solvent Used [0.4'MHNO;

Ditute to a volume of|:::1000:00:: | milliliters

Certified Total Activity of[___ 1.

- Which Equals | - '-'2.-249E+06|dpm at the date listed above

. . . is activity concentration is based on the original
And after dilution the activity of this solution is| 2.249E+03| dpmlml mfarenr.e date listed above, All activities are corrected
to the date and time of analysis by the laboratory data
' processing software,

Expiration Date:| August 11,2018 |

Vearifierd & Approvad Ry ' ; é PNata- RMABIRPN1TT7 O-ON

QC Approval 6&@ /\)@j’_ Date: %{{J{g’(['?

0046




Rev.7; 9/29/39

: QUALITY C
%-E—-—ﬂgﬁjﬁ-'ﬁw% | MP-008

ONTROL PROGRAM

Tile: Radivactive Reference Standards Solutfons & Records

Solution Reference #|IPL:867-54

SECONDARY DILUTION RECERTIFICATION

MP-009

‘Half Llfe ”Years

Radionuclide of interest] " -

Parent Sotution Cone.}' -

Chemical Composition of Standard Solution

[THNO:)/in 0.1 HNO;

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS

Date 8/16/2017-0:00
Solution # ‘Th-18a .
Half Life, Days
b 2:681E+08]
Reference Date] - 1/15/2002 0:00}

JDiIution Instructions:

Total Activity:

Vol. Parent Solution: [

Final Volume:|

—
Dilution Solvent Used
SECbNDARY VOLUMETRIC DILUTION
(0|ml
4 mm Final Activity Concentration:{ .-

FOAMHNG,. "7 s

This activity concentration is based on the original
reference date listed abova. All activities are

NOTES: corrected to the date and time of analysis by the
laboratory data processing software.
Expiration Date:] August 11, 2018 |
Verifled & Approved By < Date: 8/16/2017 0:00
QT Approv \))\:: Dats: @{f Ca/ { '7
< A T
“Sod

3 2480E+01]dpr/ml
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1380 Seaboard Industrial 8ivd.
Atlania, Georgia 30318

ECkert& Ziegier Tel 404-352+8677

Fax 404-352-2837

Ana IytiCS Wwww.ezag.com

CERTIFICATE OF CALIBRATION
Standard Reference Source Gas - |60

SRS Number: 104852

Source Description: Sand in 16 Ounce PP Omega Jar Filled to Capacity
Product Code: 8401-EG-SAN

Customer: Eberfine Analytical Corporation

P.0. Number: OR-1610009, Item 4

This standard radionuclide source was prepared from an aliquot measured gravimetrically from & master

- radionuclide solution calibrated with a gexmanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray spectrometry, ionization chamber, or liquid
scintillation counting. Calibration and purity were checked using germanium gamma-Tay spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intense gamma-ray lines are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Regulatory Cuide 4,15, Revision 2, July 2007, and compliance with ANSI N42.22-1888, "Traceability of Radicactive
Sources to NIST."

Reference Date: 01-October-2016 12:00 PM EST
MGS Mixture
Gamma-Ray Uncerfainty Calibration
lsotope Energy, keV Half—Ltfe,d Activi Flux, s e, % g, % Meﬂwd**

Mxxed Camma (MGS) master solution is EZA's eight isotope mixture which is calibrated quarterly ancl conslsts of
Ca-109, Co-57, Ce-139, Hg-203, 5n-113, Cs-137, Y-88, and Co-60. *Uncertainty: U ~Relative expanded uncertainty,
k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncextainty of NIST
Measurement Results.” **Calibration Methods: 417 LS - 41 Liquid Scintillation Counting, HPGe - High Purity
Germaninm Gamma-Ray Spectrometer, IC - Ionization Chamber.

_ (Certificate continued on reverse siie)

EZA Certificate Program Rev. C, 07-DEC-2015 Page 1of 2

Laboratory
1380 Seaboard Industrial Bivd. Atianta, Ge08ia, 30318

Corporate Office
24937 Avenue Tibbitts Valencia, California 91355
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QUALITY CONTROL SAMPLE RESULTS SUMMARY
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SECTION VI
LABORATORY TECHNICIAN'S NOTES

&
RUN LOGS
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ISO-U NOTES

0061



Printed: 8/9/2017 6:46 AM

Page tof 1

EBERLINE
=

ERVICES

o
o
>

Z)

Work Order Analysis Notes

Oak Ridge Laboratory

601 Scarboro Rd,

Oak Ridge, TN 37830
Voice: 865.481.0683
www.eberlineservices.com

Intarnal Work Order

17-07084

Analysis Code

UulSO

Run Number

1

Date Dept User

Notes

08/09/17 06:46 PREP JHARVEY

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED

MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TC SEPARATIONS

0062



Printed: 8/16/2017 5:48 PM Page 1 0f1

Oak Ridge Laboratory Intemal Work Order 1 7_07 0 8 4
EBERLINE 601 Scarboro Rd.
R Voice: 865.481.0683 sy oce UUISO

Work Order Analysis Notes

www.eberiineservices.com Run Number 1
# ] pae [ Dept | user.. Nefes i
08/09/17 06:46 PREP JHARVEY RS- ADDED MF AND DRIED SAMPLES DOWN- ADDED
MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS
08/16/17 17:48 CHEM JDEMELAS Added concentrated HC! to sample beakers and heated to dryness; Added 20-mi 8N HCL {o samples and

transferred to new, labeled C-Tubes, ringing with 8N HCI to bring volume to ~35 mi; Preconditioned resin
columns with 35 mi 8N HCI: Centrifuged samples and leaded onto columns; Rinsed C-Tubes with 20 mil 8N
HCI, centrifuged as needed and loaded onto cofumns; Rinsed columns with 35 mi 8N HC| = 0.1N NH4I, 35 mi
of 8.5M HCI — 0.04N HF, and 10 ml of 8.5N MCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of concentrated HCI; Transferred o]
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

o] 6 1%

0063



Printed: 8/17/2017 5:01 AM Page 1 of 1

Oak Ridge Laboratory e Work Order 1 7_070 84
EBERLINE 601 Scarboro Rd.
SERvVICES Oak Ridge, TN 37830 Analysi
! lysis Code
Work Order Analysis Notes v°'°e:e: 6r5".481.06_83 UUISO
www.eberlineservices.com Run Nurbar 1
. pate Dept'. | © User .- L Ntes T T e T
08/09/17 06:46 PREP JHARVEY ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED
MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS
0811617 17:48 CHEM JDEMELAS Added concentrated HCI fo sample beakers and heated to dryness; Added 20 ml 8N HCL %o samples and
transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring voiume to ~35 mk; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 3N
HCl, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HCl - 0.1N NH4l, 35 mi
of 6.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HCI, Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for tater precipitation and filtering.
08117117 05.01 CHEM TSMITH Followed steps 12.1.7 to 12.4.5 in AP-005 . ( Precipitated and filtered samples for Uranium )

g
i

0064



Eberline Analytical

Oak Ridge Laboratory

Printed: 8/17/2017 5:11 AM

Page 1 of 1

EBERLINE

SERVICES

“17- 07084

e Analysts Code

019093P Hydrofluoric Acid Reagent Grade JHARVEY 8/9/2017
018971P Nitric Acid Reagent Grade JHARVEY 8/9/2017
019133P Perchloric Acid Reagent Grade JHARVEY 8/9/2017
018550P Sulfuric Acid Reagent Grade JHARVEY 8/9/2017
017344P Anion Exchange Resin Reagent Grade JDEMELAS 8/16/2017
0191755 HCI - 6.5N - 0.04N JDEMELAS 8/16/2017
019067001 Hydrochloric Acid 0.5N JDEMELAS 8/16/2017
019168s Hydrochloric Acid 6.5N JDEMELAS 8/16/2017
019180S Hydrochloric Acid 8N JDEMELAS 8/16/2017
0191815 HCI - NH4l 8N - 0.1M JDEMELAS 8/16/2017
019134P Hydrochloric Acid Reagent Grade JDEMELAS 8/16/2017
0191635 Carbon substrate Solution TSMITH 8/17/2017 1
019063P Ethyl Alcohol 1 TSMITH 8/17/2017
019093P Hydrofluoric Acid Reagent Grade TSMITH 8/17/2017
0188905 Neodymium Carrier 1 mg/mi TSMITH 8/17/2017
019038P Titanous Chloride Reagent Grade TSMITH 8/17/2017

0065
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ISO-TH NOTES

0067



Printed: 8/9/2017 6:45 AM -

Page 1¢f1

Oak Ridge Laboratory

Internal Work Crder

17-07084

601 Scarboro Rd.

ThiSO

"""""" ERVICES Oak Ridae, TN 37830 Analysis Code
. Voice: 865.481.0683
Work Order Analysis Notes www.eberfineservices.com Run Number 1
Date Dept’ User ~ - : T Notes : o
08/09/17 06:45 PREP JHARVEY ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED
MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS

C\}IL\X SRV

sfel 14—

0068




Printed: 8/17/2017 4:59 AM

Page 1of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 7_07084
601 St_:arboro Rd.
Voice: 865,481.0683 poayss Code ThiSO

www.eberlineservices.com Run Number 1
_'_.':'Date.zé_.-f ‘Dept:.. | User - R L R A L e CiNotes: LI R S T e
08/09/17 06:45 PREP JHARVEY ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED
MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS
08/16/17 10:49 CHEM TSMITH Follawed steps 12.2.1 to 12.2.5 in AP-005 . { Column separaiton for Thorium by Eichrom Anion resin }
08/17/17 04:59 CHEM TSMITH Followed steps 12.2.5 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Thorium )

5
e
7
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Eberline Analytical

Oak Ridge Laboratory

Printed: 8/17/2017 5:10 AM

Page 1 of 1

“Interfial Work Order ™. =

EBERLINE 17- 07084 __
SERVICES Analysus Code Run¥is

Reagents Used in an Analysis ThISO 1
019093P Hydrofluoric Acid Reagent Grade JHARVEY 8/9/2017
018971P Nitric Acid Reagent Grade JHARVEY 8/9/2017
019133P Perchloric Acid Reagent Grade JHARVEY 8/9/2017
018550P Sulfuric Acid Reagent Grade JHARVEY 8/9/2017
017344pP Anion Exchange Resin Reagent Grade TSMITH 8/16/2017
019179S Nitric Acid 8N TSMITH 8/16/2017
019180S Hydrochloric Acid 8N TSMITH 8/16/2017
019134P Hydrochloric Acid Reagent Grade TSMITH 8/16/2017
019106S Cerrium Carrier 0.1mg/ml TSMITH 8/17/2017
019063P Ethy! Alcohol 1 TSMITH 8/17/2017
019093P Hydrofluoric Acid Reagent Grade TSMITH 8/17/2017
0191635 Carbon substrate Solution TSMITH 8/17/2017
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_ZApex-Alpha”

Sample Description: SPIKE
Spectrum File:
Batch Identification: 1707084A-UU

Sample Identification: 0l

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 052
Chamber Serial Number: 10006123B

Detector Serial Number: 52
Env. Background: System Bkgd 193369
Reagent Blank: <not performedx

1.000E+000 +/- 0.000E+000 gram
8/17/2017 6:37:59 AM
8/17/2017 2:15:51 PM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate: U232 _UU-10A

\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00001917

Tracer Quantity: 0.610 mL
Effective Efficiency: 0.2014 +/- 0.0113
Counting Efficiency: 0.1737 +/- 0.0030 on 11/18/2016 3:34:15 BPM
Chem. Recovery Factor: 1.1595 +/- 0.0682
Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.777410 +/- 0.061039
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ——me-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.261 378.66 10.06 0.34 0.00E+000 7.4
U-234 4,711 459,15 9.16 0.85 0.00E+000 21.4
U-235 4.402 25,49 39.27 0.51 0.00E+000 3.0
U-238 4.137 476.83 8.98 c.17 0.00E+QQ0 4.5

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Enerqgy Activity MDA

Nuclide  Conf (keV) (pci/gram ) {(pCi/gram
U-232 0.988 5302.50% 5.00E+000¢ +/- 5.52E-001 6.30E-002 +/- 6.95E-003
U-234 0.982 4761.50%* 6.05E+000 +/- 8.67E-001 7.89E-002 +/- 8.70E-003
U-235 0.938 4385.50% 4.14E-001 +/- 1.6%E-001 8.53E-002 +/- 9.41E-003
U-238 0.984 4184 .40% 6.26E+000 +/~- 8,90E-00L 5.48E-002 +/- 6.04E-003
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Sample Title: 01
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Elapsed Real Time: 10200
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_Spex-Alpha”

Sample Description: BLANK

Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001917
Batch Identification: 1707084A-UU

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_ 053

Chamber Serial Number: 100061224

Detector Sexrial Number: 53

Env. Background: System Bkgd 123370

Reagent Blank: <not performed:

Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 8/17/2017 6:37:59 AM
Acguigition Date/Time: 8/17/2017 2:15:53 PM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.609 mL

Effective Efficiency: 0.1626 +/- 0.0100

Counting Efficiency: 0.1515 +/- 0.0026 on 11/18/2016 3:34:14 PM
Chem. Recovery Factor: 1.0735% +/- 0Q.0687

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.312 305.83 11.21 0.17 0.00E+000 19.4
U-234 4.777 2.98 134.36 1.02 0.00E+000 3.0
U-235 4.398 0.00 1960.0 0.0¢ 0.00E+000 0.0
U-238 4.174 1.66 169.38 0.34 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Cont. (kev) {(pCi/gram ) (pCi/gram
U-232 0.999% 5302.50%* 4 .99E+000 +/- 6.04E-001 6.81E-002 +/- 8.24E-003
7-234 0.998 4761.50% 4.87E-002 +/- 6.56E-002 1.03E-001 +/- 1.24E-002
U-235 0.999 4385.50%* 0.00E+000 +/- 5.58E-002 1.21E-001 +/- 1.46E-002
U-238 0.999 4184 .40% 2.70E-002 +/- 4.58E-002 7.77E-002 +/- 9.39E-003

e
8147

0099

S



0059

¢ :adAL 10Y

(A=) ABJBUT
oowm

T :8dAL 10¥

107 56T /T By nyL: ue3s “hov
(AOY)§"GGYY:pZOT ¢ dols

(A0 6SFE: T i3delS

29 (0E'00Z0T: SMLL |23y

33s (0)°00Z0T: WL 3AL

ary iR T

101

T8

T0¢

TS

10§

188

109

ANOJ "SSLT6T0000

0100

S1Uno)



1

Page

7:29:02 AM

8/18/2017

Channel Data Report

FAEKARERKERAEARAEAR AR R RRR AT RRRRRARAR AT IR R xdddddhhhhhkdihhhhhhkk

*kkkk

REPORT
hhkhhkhhkhhkhkhhkhk kA kI kA Ak Ak khh kA kR AR IR AR KR KR KKK R KRR IR AR AKX LR

SPECTRAL DATA

kkkkk

Sample Title:

02

COoOOCOO0O 000

0
0
0
0
0

[wleRoNel

0
0
0
0
0

je e Re o)

0

OO OO0 O0CO0OO0

QOO OOCOOO0
o O
o O
™ N
o O
~
OO0 C OO0
vV
E E
- -
= H
OO OO0 OCOCO
O
> @
A Q
(4
ol o)
0 0
0 n OO0 O OO0
Q0
o ©
—
R

1
9.
7
25
471 :
49:
57:
65;

Chamnel |--==== | ==-=no[mmmmsos [mmosoen [mosmons | snano oo oo
33:

Q

73

81:
89:

97:
105:

OO0 OO0 0

QOO O000

COOOCCOO0O

OO0 00

OO O 00

O OO0

S OOOO

113:
121:
129:
137:

OO OO0 00

COO0OQOoOOCO0O

COO0OO0OOOO0

SOOCOCOOO0O

SO OO0

OO oo

145:

153;

161:

169:

o000

o O o0

(s e)

177:

185:

193:

201:

o

(=)

o

o

[

209:

o OO0

OO OCOO

OO0

217:

225:

233

241:

249:

COO0OO0O0OQCOOOOOoOOOOH

Lon I & % e

O OO

OO0

(& e B o]

257:

265:

273:

CO0OO0OQOQOQOOOOO

COO0OO0COO0OOCOOOO

COO0OO0OO0OO0COOCOO

D OO0 O0OO0O0O 0

COOO0OQOOoOO0O00 00O

COOCOO0OOODO0OO0O

COOO0OO0OO0OOQOO0OO0O0OO0O

281;
289:
297:
305:
313:
321:
329:
337:
345:;:
353:
361

0101



2

Page

7:29:02 BAH

8/18/2017

Channel Data Report

369:

62

Sample Title:

O OO0 0000 Ao OO HOOO

COCOO0OODOOOODOO0O0CO0OUOOOoOOOoOOMNH

0
0
0
0
0
0
0

COO0OO0OO0OQOCOOOCOOTCOOOoONO

0
0
0
0
0
0
0
0
0
0

HO OO QOOOCOOOQOQOCH

0
0
0
1
0
0
0

COOQCO0O0OOOoOHtoOHOOODOCOOOOQ

0
0
0
0
0
0
0

OO0 OHOHOO

0
0
0
0
0
0
0
0
0
0

CO OO0 100001000 A

0
0
0
0
0
0
0
0
0
1
0
0
0

OO0 C0C OO0 0O0O000

T It T B L T e E T o T B W s T o I e DO B o o B B AT B T e B B o B o R
OO OANME IO WONNO ANNMSE L \OWI™
P ey S s DWW WD DN D ) WO LY

Channel|-----=|=-=-c-=|===—==-|-mmmoe]|ommmmm | mmm e [ mm o [ - e - -]

™M ™M

8]

L]

&)

o]

10

13

O AN 0w

— U o0

OO NMLOY

OO N~

]

585:

o

593:

601:

609;:

617:

625:

10 10 12 14

11

13

633:

Mmoo Ooo
Mo oOoo
Noooo
[l e e o o
NOOOO
i

NHO OO
~

WOoOOoOOoOo
HNO OO
—

641 :

649:

657:

665:

673

o OO0

OO OO0

[=ReRole]

OO0

OO0

OO OO0

OO OO

OO0 00

681:

689:

697

705:

ooy e B o B o B e B o B o0 B v B 0 B 0

COOO0OOOCOO0O0OCQ

OO0 000

o o0

o o0

o OO

(e e )

o OO

713
721
729

o OO0

o Qo B oo Y oo}

OO OO

QOO0

—H OO0

737
745
753
761

O OO0

o000

COoOO0

(=R eioie)

o000

oo Role)

769
777
785:
793

0102



3

Page

7:29:02 AM

8/18/2017

OCCOQCOOOO0OQOOOO0O000O0O0O0OCOOOO0

=pejeojololojeojaleRolasReReloRoloNoRoloNeNe ol

OO0 0O0O0COOOOOOOOCOOCOOHODOOO

jopepojoleReReleRoleleloloRlololNeNolNalNolsNelNeoNeoNol

l=jegepeleRe o lololoNoeRoloNolaNalsNeNoNoNoNoNeRa

OCOO0OO0OO0OCOOODO0OO0O0OCOO00COOCODOOOOO

Sample Title: 02

B09:
817:
825:

Channel Data Report
801:

ej=ReleleolololololololsReoNoNoNoNoBoNaNoRoloNoNe!

=ReRejeloleloleloleNoNeRoloNaNoNeNoNoNoNoNeNoNe

M- d~-umMmea-nmMmeda-nm— o~
NPFINOUM>0CORAROO-HNNMFHNNOO-OARO O
VWOV VODVLECAAOTAANTAATANTAANNTNNTONO OO

= e

0103



_=Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

Alpha”

HTC-AQ1-8008-3036-01-DUP

\ \OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917
1707084A-0U0

03

Shelf 2

U iso

Alpha 054
10006122B

54

System Bkgd 193371
<not performeds

1.070E+000 +/- 0.000E+000 gram
5/13/2017 6:37:59 AM
8/17/2017 2:15:55 PM

170.0 minutes

170.0 wminutes

U232 _UU-10A

Tracer Quantity: 0.610 mL
Effective Efficiency: 0.1915 +/- 0.0110
Counting Efficiency: 0.1363 +/- 0.0024 on 11/18/2016 3:34:12 PM
Chem. Recovery Factor: 1.4048 +/- 0.0845
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd  Backgnd {keV}
U-232 T 5.274 360.81 10.34 1.19 0.00E+000 32.6
U-234 4.719 61.49 25,12 0.51 0.00E+000 3.3
U-235 4.384 4.83 91.00 0.17 0.60E+000 3.0
U-238 4.143 71.83 23.16 0.17 0.00E+000 5.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS e
Id Energy Activity MDA

Nuclide Conf {keV) (pCi/gram ) (pCi/gram )
U-232 0.9%4 5302.50%* 4.69E+000 +/- 5.29E-001 8.56E-002 +/- 9.65E-003
U-234 0.8987 4761.50%* 7.97E-001 +/- 2.19E-001 6.80E-002 +/- 7.67E-003
U-235 1.000 4385,.50% 7.72E-002 +/- 7.08E-002 6.67E-002 +/- 7.52E-003
U-238 0.988 4184 .40%* 9.27E-001 +/- 2.39E-001 5.38BE-002 +/- 6.07E-003
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Sample Description:
Spectrum File:
Batch Identification:

Apex-Alpha”

HTC-A01-5008-3036-01
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917
1707084A-U0

Sample Identificatiomn: 04

Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Shelf 2
U iso

Alpha 056
10006124B

Detector Serial Number: 56

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 193373
<not performed:

1.060E+000 +/- 0.000E+000 gram
5/13/2017 6:37:59 AM
8/17/2017 2:15:57 PM

170.0 minutes

170.0 minutes

U232 _UU-10A

Tracery Quantity: 0.608 mL
Effective Efficiency: 0.2136 +/- 0.0118
Counting Efficiency: 0.1595 +/- 0.0027 on 11/18/2016 3:34:09 PM
Chem. Recovery Factor: 1.3396 +/- 0.0772
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd (kev)
U-232 T 5.272 401.15 9.80 0.85 0.00E+000 7.7
U-234 4,731 65.98 24 .35 1.02 0.00E+000 3.7
U-235 4_.370 3.66 107.87 0.34 0.00E+0Q00 3.0
UJ-238 4.155 67.98 23.98 1.02 0.00E+000 5.3

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS —=—=n-
Id Energy Activity MDA

Nuclide Conf {keV) (pCi/gram ) {pCi/gram }
U-232 0.994 5302.50% 4 .72E+000 +/- 5.09E-001 7.04E-002 +/- 7.59E-003
U-234 0.994 4761,.50% 7.74E-001 +/- 2.06E-001 7.39E-002 +/- 7.97E-003
U-235 0.998 4385.50%* 5.29E-002 +/- 5.74E-002 6.92E-002 +/- 7.46E-003
U-238 0.994 4184 .40%* 7.94E-001 +/- 2.09E-001 7.36E-002 +/- 7.93E-003
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Apex Alpha” oy

Sample Description: HTC-A01-8S008-3642-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917
Batch Identification: 1707084A-00

Sample Identification: 05

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 057

Chamber Serial Number: 01017326A

Detector Serial Number: 57

Env. Background: System Bkgd 193374

Reagent Blank: <not performeds

Sample Size: 1.130E+000 +/~- 0.000E+000 gram
Sample Date/Time: 5/13/2017 6:37:59 AM
Acquisition Date/Time: 8/17/2017 2:15:48 PM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.607 mL

Effective Efficiency: 0.2079 +/- 0.01l1e

Counting Efficiency: 0.1646 +/- 0.0028 on 11/18/2016 3:34:08 PM
Chem. Recovery Factor: 1.2627 +/- 0.0735

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide (MeV) Pk Area Exrror % Backgnd Backgnd (kev)
U-232 T 5.273 389.83 9.893 0.17 0.00E+000 6.8
U-234 4.728 105.66 19.10 0.34 0.00E+000 11.1
U-235 4.396 7.00 79.20 0.00 0.00E+000 3.0
U-238 4.144 100.0¢0 19.70 0.00 0.00E+000 4.2

Id Energy Activity MDA
Nuclide  Conf. (kev) (pCi/gram ) {(pCi/gram )
U-232 0.594 5302.50% 4.42E+000 +/- 4.82E-001 4.73E-002 +/- 5.16E-003
U-234 0.992 4761.50%* 1.19E+000 +/- 2.63E-001 5.40E-002 +/- 5.89E-003
U-235 0.999% 4385.50%* 9.76E-002 +/- 7.80E-002 8.36E-002 +/- 9.12E-003
U-238 0.988 4184.40%* 1.13E+000 +/- 2,53E-001 6.75E-002 +/- 7.36E-003
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Sample Description:
Spectrum File:
Batch Identification:

HTC-201-8008-4248-01
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001317
1707084A-U0

Sample Identification: 06

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 058
Chamber Serial Numbexr: 01017326B
Detector Serial Number: 58

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 193375
<not performeds

1.150E+000 +/- 0.000E+000 gram
5/13/2017 6:37:59 BAM
8/17/2017 2:15:49 PM

170.0 minutes

170.0 minutes

U232 _UU-10A

Tracer Quantity: 0.608 mL
Effective Efficiency: 0.1277 +/- 0.0088
Counting Efficiency: 0.1665 +/- 0.0028 on 11/18/2016 3:34:06 PM
Chem. Recovery Factor: 0.7672 +/- 0.0543
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (kev)
U-232 T 5.280 240.00 12 .68 ¢.00 0.00E+000 13.8
G-234 4.730 60.66 25.25 0.34 0.00E+000 4.8
UJ-235 4.380 4,83 91.00 0.17 0.00E+000 3.0
U-238 4.155 57.64 26.17 1.36 0.00E+000 7.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———
Id Energy Activity MDA

Nuclide Conf . {keV) {(pCi/gram ) {pCi/gram
U-232 0.996 5302.50% 4 .35E+000 +/- 5.85E-001 1.09E-001 +/- 1.46E-002
U-234 0.993 4761 .50% 1.10E+000 +/- 3,14E-001 8.64E-002 +/- 1.16E-002
U-235 1.000 4385.50%* 1.08E-001 +/- 9.91E-002 9.31E-002 +/- 1.25E-002
U-238 0.994 4184 .40% 1.04E+000 +/- 3.05E-001 1.23E-001 +/- 1.66E-002

g?%/ﬂ
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__ZApex-Alpha”

Sample Descriptiomn: HTC-A02-S001-0006-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexaAlpha\Root\Data\00001917
Batch Identification: 1707084A-UU

Sample TIdentification: 07

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 059

Chamber Serial Number: 10006125A

Detector Serial Number: 59

Env. Background: System Bkgd 193376

Reagent Blank: <not performed>

Sample Size: 1.030E+000 +/- 0.000E+000 gram
Sample Date/Time: 5§/15/2017 6:37:59 AM
Acquisition Date/Time: 8/17/2017 2:15:59 PM
Acguigition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232_UU-10A

Tracer Quantity: 0.607 mL

Effective Efficiency: 0.2253 +/- 0.0121

Counting Efficiency: 0.1776 +/- 0.0030 on 11/18/2016 3:40:57 PM
Chem. Recovery Factor: 1.2683 +/- 0.0716

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.275 422 .83 $.53 0.17 0.00E+000 20.0
U-234 4.732 1436.00 5.17 0.00 0.00E+000 42.8
U-235 4.393 74.83 22.69 0.17 0.00E+000 6.3
U-238 4,153 1420 ,83 5.20 0.17 0.00E+000 66.9

T = Tracer Peak used for Effective Efficiency

g

D

id Energy Activity MDA
Nuclide Conf . (keV) {pCi/gram ) (pCi/gram
U-232 0.995 5302.50% 4.85E+000 +/- 5.12E-001 4.79E-002 +/- 5.05E-003
U-234 0.994 4761.50% 1.64E+001 +/- 1.93E+000 6.86E-002 +/- 7.24E-003
U-235 1.000 4385.50% 1.06E+000 +/- 2.64E-001 5.89E-002 +/- 6.21E-003
U-238 3.993 4184 .40% 1.62E+001 +/- 1.90E+000 4.75E-002 +/- S.02E-003

il
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_ZApex-Alpha”

Sample Description: HTC-A02-8001-0006-01

Spectrum File: \\OR-ALPHA1\Canberra\Apexalpha\Root\Data\00001917 -{%6%%;
Batch Identification: 17467084A-UU

Sample Identification: 08

Sample Geometry: Shelf 2

Procedure Desgscription: U iso

Detector Name: Alpha 060

Chamber Serial Number: 100061258
Detector Serial Number: 60

Env. Background: System Bkgd 193377
Reagent Blank: <not performed:
Sample Size: 1.020E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/13/2017 6:37:59 AM
Acquisition Date/Time: 8/17/2017 2:16:00 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.606 mL
Effective Efficiency: 0.1992 +/- 0.0113
Counting Efficiency: 0.1477 +/- 0.0026 on 11/18/2016 3:34:04 PM
Chem. Recovery Factor: 1.3488 +/- 0.0801
Peak Match Tclerance: 0.150 MeV
————— PEAK AREA REPQORT ————
Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.276 373.30 10.17 1.70 0.00E+00G0 20.9
U-234 4.730 1778.47 4.65 1.53 0.00E+000 66.7
F-235 4.400 89.49 20.79 0.51 0.00E+000 6.9
U-238 4.153 1796.66 4.62 0.34 0.00E+000 65.6

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Conf. (kev} {(pCi/gram ) (pCi/gram )
U-232 0.995 5302.50%* 4.89E+000 +/- 5.44E-001 9.63E-002 +/~ 1.07E-002
U-234 0.993 4761.50%* 2.32E+001 +/- 2.80E+000 9.29E-002 +/- 1.03E-002
U-235 0.998 4385.50%* 1.44E+000 +/- 3.40E-001 8.46E-002 +/- 9.41E-003
U-238 0.993 4184 .40%* 2.34E+001 +/- 2.82E+000 6.22E-002 +/- 6.92E-003

?775/'7
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__2Mpex-Alpha”

L~ S—

Sample Description: HTC-A02-8001-0006-01 MSD g%ék%g
Spectrum File: \\OR-ALPHAl\Canberra'\Apexhlpha\Root\Data\00001917
Batch Identification: 1707084A-UU
Sample Identification: 09
Sample Geometry: Shelf 2
Procedure Descriptiecn: U iso
Detector Name: Alpha 033
Chamber Serial Number: 04026479A
Detector Serial Number: 91132
Env. Background: System Bkgd 193353
Reagent Blank: <not performed:
Sample Size: 1.040E+000 +/- 0.C00E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquisition Date/Time: 8/17/2017 4:33:41 PM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.607 mL
Effective Efficiency: 0.1959 +/- 0.0112
Counting Efficiency: 0.1681 +/- 0.0029 on 11/18/2016 10:08:33 AM
Chem. Recovery Factor: 1.1653 +/- 0.0695
Peak Match Tolerance: 0.150 MeV

~~~~~ PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.267 367.32 16.24 0.68 0.00E+000 17.3
U-234 4,722 1756.66 4.68 0.34 0.00E+000 77.1
U-235 4.409 125.00 17.80 G.00 0.00E+0Q00 5.2
U-238 4.145 1696.83 4.76 ¢.17 0.00E+Q00 76.0

Id Enerqgy Activity MDA
Nuclide Conf. (keV) (pCi/gram ) (pCi/gram )
¢] 4,.80E+000 +/- 5.37E-001 7.37E-002 +/- 8.24E-003
¢ 2.29E4+001 +/- 2,78E+000 6.23E-002 +/- 6.97E-003
U-235 C.996 4385.50%* 2.01B+000 +/- 4.19E-001 9.64E-002 +/- 1.08E-002
0 2.20E+001 +/- 2.68E+000 5.41E-002 +/- 6.06E-003

+
5117
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369: 5 1 8 5 7 6 4 2
Sample Title: 09
Channel|------ |==----- | ------- |------- |- mmmee | ~--em- [~==--- |--~---- |
377: 3 4 6 3 8 8 5 2
385; 5 9 7 9 10 7 11 5
393: 9 6 10 12 10 17 17 11
401: 14 13 20 15 13 10 17 25
409: 21 32 25 22 27 24 28 20
417: 35 41 45 47 44 39 53 43
425 ; 42 36 47 42 53 48 46 51
433 54 43 64 58 49 38 41 47
441 : 35 38 28 21 21 6 4 2
449; 0 0 0 0 0 0 0 0
457 0 0 0 0 0 0 0 1
465 : 1 0 0 0 0 0 0 1
473 1 0 0 0 0 0 1 0
481: 0 0 0 0 0 0 0 0
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521 : 0 0 0 0 0 0 1 2
529: 1 0 0 0 0 1 1 0
537 0 0 0 0 0 2 0 0
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777 0 0 0 0 0 0 0 0
785: 0 0 0 0 0 0 0 0
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_Apex-Alpha”

Sample Description: HTC-2A02-8001-0006-02
Spectrum File: \\OR-ALPHAl\Canberra\BpexAlpha\Root\Data\00001917
Batch Identification: 1707084A-U0
Sample Identification: 10
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 034
Chamber Serial Number: 040264798
Detector Serial Number: 91136
Env. Background: System Bkgd 193354
Reagent Blank: <not performeds
Sample Size: 1.240E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 €:37:59 AM
Acquisition Date/Time: 8/17/2017 4:33:42 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.605 mL
Effective Efficiency: 0.1850 +/- 0.0108
Counting Efficiency: 0.1728 +/~ 0.0029 on 11/18/2016 10:08:58 AM
Chem. Recovery Factor: 1.0702 +/- 0.0653
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ————

Energy Net Pk Area Zmbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backygnd (keV)
U-232 T 5.264 345.98 10.56 1.02 0.00E+000 10.6
U-234 4.720 2105.83 4.27 0.17 0.00E+000G 73.8
U-235 4.398 146.49 16.23 0.51 0.00E+GQ0 4.3
U-238 4.143 2171.83 4,21 .17 0.00E+000 60.6

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -———
Id Energy Activity MDA

Nuclide  Conf. (keV) {(pCi/gram ) (pCi/gram
U-232 0.990 5302.50%# 4.02E+000 +/- 4.61E-001 7.31E-002 +/- 8.39E-003
U-234 0.588 4761 .50% 2.44E+001 +/- 2.99E+000 4 _.83E-002 +/- 5.5BE-003
U-235 0.9%9 4385.50%* 2.09E+000 +/- 4.16E-001 7.49E-002 +/- B8.60E-003
T-238 0.988 4184 .40% 2.50E+001 +/- 3.06E+4000 4.81E-002 +/- 5.52E-003
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=Apex-Alpha”

Sample Description: HTC-A02-5001-0612-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917
Ratch Identification: 1707084A-UU

Sample Identification: 11

Sample Geomebtry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 035

Chamber Ssrial Number: 040264774

Detector Serial Number: 58771

Env. Background: System Bkgd 193355

Reagent Blank: <not performed:>

Sample Size: 1.180E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 6£:37:59 AM
Acquisition Date/Time: 8/17/2017 4:33:44 PM
Acquisiticon Live Time: 170.0 minutes

Acquisiticn Real Time: 170.0 minutes

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.605 mL

Effective Efficiency: 0.1998 +/- 0.0113

Counting Efficiency: 0.1580 +/- 0.0027 on 11/18/2016 10:08:56 AM
Chem. Recovery Factor: 1,2645 +/- 0.0748

Peak Match Tolerance: 0.150 MeV

Nuclide

Energy Net Pk Area Ambient Reagent FWHM
{(MeV) Pk Area Error % Backgnd Backgnd {keV)

T 5.276 373.83 10.14 0.17 0.00E+000 9.7
4.731 1655.00 4.82 0.00 0.00E+0GQ 75.1
4,391 100.83 19.54 0.17 G.00E+00CQO 6.3
4.153 1757.66 4.68 0.34 0.00E+0Q00 5C.6

Nuclide

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Conf. (keV) {pCci/gram } (pCi/gram )
0.995 5302.50% 4 .22E+00C¢ +/- 4.69E-001 4.71E-002 +/- 5.23E-003
0.994 4761.50% 1.86E+00L +/- 2.26E+000 6.75E-002 +/- 7.50E-003
1.000 4385.50% 1.40E+000 +/- 3.15E-001 5.80E-002 +/- 6.44E-003
0.993 4184.40% 1.97E+001 +/- 2.37E+000 5.36E-002 +/- 5,.95E-003
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_==Apex-Alpha”

Sample Description: HTC-A02-8001-1218-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Datal\00001917
Batch Identificaticon: 1707084A-U0

Sample Identification: 12

Sample Geometry: Shelf 2

Procedure Descripticn: U iso

Detector Name: Alpha_ 036

Chamber Serial Number: 04026477B

Detector Serial Number: 84167

Env. Background: System Bkgd 193356

Reagent Blank: <not performed:

Sample Size: 1.230E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquigition Date/Time: 8/17/2017 4:33:47 M
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.606 mL

Effective Efficiency: 0.2093 +/- 0.0116

Counting Efficiency: 0.1824 +/- 0.0031 on 11/18/2016 10:08:54 AM
Chem. Recovery Factor: 1.1475 +/~ 0.06686

Peak Match Tolerance: 0.150 MeV

Energy Net - Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.273 351.66 9.81 0.34 0.00E+G0Q0Q 13.8
U-234 4.724 290.98 11.51 1.02 0.00E+G00 8.9
U-235 4.385 21.66 42.50 0.34 0.00E+000 5.9
U-238 4,143 256.66 11.39 0.34 0.00E+G00 6.8

Id Energy Activity MDA
Nuclide Cont (kev) {pCi/gram ) {pCi/gram
U-232 0.994 5302.50*  4,05E+000 +/- 4.41E-001 4.94E-002 +/- 5
U-234 0.990 4761 .50%* 3.00E+000 +/- 4.76E-001 6.50E-002 +/- 7
U-235 1.000 4385.50% 2.76E-001 +/- 1.21E-001 6.08E~002 +/- &
U-238 0.988 4184 .40% 3.05E+000 +/- 4.80E-001 4.91E-002 +/- &

g7

.38E-003
.08E-003
.62K-003
-35E-003
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_=Apex-Alpha”

Sample Description: HTC-A02-S001-1824-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexhAlpha\Root\Data\00001917
Batch Identification: 1707084A-0UU

Sample Identification: 13

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 037

Chamber Serial Number: 04026478A

Detector Serial Number: 91133

Env. Background: System Bkgd 193357

Reagent Blank: <not performeds

Sample Size: 1,100E+000 +/- 0,000E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquisgition Date/Time: 8/17/2017 4:33:49 BPM
Aeguisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.606 mL

Effective Efficiency: 0.2266 +/- 0.0122

Counting Efficiency: 0.1587 +/- 0.0027 on 11/18/2016 10:08:53 AM
Chem. Recovery Factor: 1.4274 +/-  €.0806

Peak Match Tolerance: 0.150 MeV

Nuclide

Energy Net Pk Area Ambient Reagent FWHM
(MeV) rk Area Error % Backgnd  Backgnd (keV)

T 5.254 424 .15 9.53 0.85 0.00E+000 42 .4
4,748 95.66 20.08 0.34 0.00E+000 9.3
4.376 4.66 94,59 0.34 0.00E+0Q0QC 3.0
4,173 80.98 21.54 1.02 0.00E+000 6.0

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA

conf. (keV) (pCi/gram ) (pci/gram )

0.999 5302.50%* 4.53E+000 +/- 4.78E-001 6.39E-002 +/~ 6.74E-003
0.999 4761 .50% 1.02E+000 +/- 2.31E-001 5.09E-002 +/- 5.37E-003
0.999 4385.50%* 6.12E-002 +/- 5.83E-002 6.28E-002 +/~ 6.62E-003
0.9399 4184 .40% 8.59E-001 +/- 2.09E-001 6.68E-002 +/- 7.05E-003
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_=Apex-Alpha”

Sample Description: HTC-A02-8001-2430-01
Spectrum File: ‘\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001517
Batch Identification: 1707084A-UU
Sample Identification: 14
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 038
Chamber Serial Number: 04026478B
Detector Serial Number: 91134
Env. Background: System Bkgd 193358
Reagent Blank: <not performed:
Sample Size: 1.040E+000 +/~- ©.0Q00E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Bequisition Date/Time: 8/17/2017 4:33:51 PM
Agguisition Live Time: 170.0 minutes
Acguisition Real Time: - 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.604 mL
Effective Efficiency: ¢.2031 +/~- 0.0114
Counting Efficiency: 0.1543 +/~- 0.0027 on 11/18/2016 10:08:51 AM
Chem. Recovery Factor: 1.3159 +/- 0.0775
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —m—

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV} Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.271 378.83 10.07 0.17 0.00E+00C0O 20.0
U-234 4,726 83.15 21.62 0.85 0.00E+000 5.2
U-235 4.374 7.66 72.63 0.34 0.00E+0G0 3.0
U-238 4.145 78.83 22.10 0.17 0.00E+000 106.0

14 Energy Activity MDA
Nuclide  Conf. {(keV) {pCi/gram ) (pCi/gram
U-232 ¢.993 5302.50%* 4.77E+000 +/- 5.27E-001 5.26E-002 +/- 5.80E-003
U-234 g.991 4761.50% 1.05E+000 +/- 2.54E-001 7.53E-002 +/- 8.31E-003
J-235 0.999 4385.50* 1.19E-001 +/- 8.73E-002 7.41E-002 +/- 8.18E-003
J-238 0.9289 4184 .40% 9.87E-001 +/- 2.44E-001 5.,22E-002 +/~ 5.76E-003
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= Apex-Alpha”

Sample Description: HTC-A02-5001-3036-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexaAlpha\Root\Data\00001917
Batch Identification: 1707084A-U0

Sample Identification: 15

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 039

Chamber Serial Number: 060273964

Detector Serial Number: 83109

Env. Background: System Bkgd 193359

Reagent Blank: znot performed:

Sample Size: 1.140E+00C +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquisition Date/Time: 8/17/2017 4:33:53 PM
Reguigition Live Time: 170.0 minutes

Lecquisition Real Time: 170.0 minutes

Tracer Certificate: U232z UU-10A

Tracer Quantity: 0.604 mL

Lffective Efficiency: 0.2263 +/- 0.0122

Counting Efficiency: 0.1852 +/- 0.0031 on 11/18/2016 10:08:50 AM
Chem. Recovery Factor: 1.2223 +/- 0.0891

Peak Match Tolerance: 0.150 MeV

e

Y%

Energy Net Pk Area Ambient Reagent FWHM
(MeV) Pk Area Error % Backgnd Backgnd (keV)

T 5.259 422 .45 9.57 2.55 0.00E+000 34.5
4.718 183.13 14.57 1.87 0.C0E+000C 5.8
4.383 10.65 61.14 0.34 0.GO0E+000C 3.0
4.144 184.15 14.48 0.85 0.CO0E+000 11.90

T = Tracer Peak used for Effective Efficiency

Id Enerqgy Activity MDA
Conf . {keV)} (pCi/gram ) (pCi/gram }

0.987 5302.50%* 4,.36E+000 +/- 4.6LE-001 8.65E-002 +/- 9.16E-003
0.987 4761.50% 1.88E+00C¢ +/- 3.39E-001 7.79E-002 +/- B.24E-003
1.000 4385.50%* 1.35E-001 +/- 8.40E-002 6.07E-002 +/~ 6.42E-003
0.989 41.84.40* 1.898E+000 +/- 3.38E-001 6.13E-002 +/~ 6.49E-003

%ﬂ
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_=Apex-

Sample Description:
Spectrum File;

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Agguisition Date/Time:
Acguigition Live Time:
Acguisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha”

HTC-A02-5001-3642-01
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\ 00001317
1L707084A-UU

1é

Shelf 2

U iso

Alpha_040
060273968

91135

Syatem Bkgd 193360
<not performeds:

1.240E+000 +/- 0.000E+000 gram
5/15/2017 6:37:52 AM
8/17/2017 4:33:55 PM

170.0 minutes

170.0 minutes

U232 _UU-10A

0.606 mL

0.2170 +/- 0.0119

0.1813 +/- 0.0031 on 11/318/2016 10:08:48 AM
1.1965 +/- 0.0686

0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) PK Area Error % Backgnd Backgnd {keV)
U-232 T 5.281 406.15 9.74 0.85 0.00E+000 22.3
U-234 4.730 94 .49 20.23 0.51 0.00E+000 8.0
U-235 4.384 7.00 79.20 0.00 0.00E+00OC 3.0
U-238 4.169 96 .49 20.01 0.51 0.00E+000 4.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS o
Id Energy Activity - MDA
Nuclide Conf, (keV) (pCi/gram ) (pCi/gram )
U-232 0.997 5302 .80% 4.02E+000 +/- 4.31E-001 5.92E-002 +/- 6.36E-003
U-234 0.593 4761 .50% 9.32E-001 +/- 2.14E-001 5.18E-002 +/- 5,.B56E-003
U-235 1.000 4385.50%* 8.52E-002 +/- 6.81E-002 7.30E-002 +/- 7.83E-003
U-238 0.9398 4184 .40% 9.48E-001 +/- 2.15E-001 5.16E-002 +/- 5.53E-003
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_Zhpex-Alpha”

Sample Description: HTC-A02-5002-0006-01
Spectyum File: \\OR-ALPHA1l\Canberra\Apexalpha\Root\Data\00001917
Batch Identification: 17070842-UU
Sample Identification: 17
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 043
Chamber Serial Number: 040264814
Detector Serial Number: 91088
Env. Background: System Bkgd 123361
Reagent Blank: <not performeds
Sample Size: 1.39CE+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquigition Date/Time: 8/17/2017 4:33:57 PM
Aeguisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1054 +/- 0.0079
Counting Efficiency: 0.1874 +/- 0.0032 on 11/18/2016 10:08:43 AM
Chem. Recovery Factor: 0.5623 +/- 0.0434
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.276 196.47 14.05% 1.53 0.00E+000 6.0
U-234 4.729 2239.49 4.14 0.51 0.00E+000 77.3
U-235 4.384 153.98 15.8%6 1.02 0.00E+Q00 12.0
J-238 4.150 2233.66 4.15 0.34 0.00E+000 67.5

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————
Id Energy Activity MDA

Nuclide Conf . {(keV) (pCi/gram ) (pCi/gram }
U-232 0.595 5302.50%* 3.57E+000 +/- 5.27E-001 1.298-001 +/~ 1.91E-002
U-234 0.892 4761.5Q0%* 4,06E+061 +/- 6.22E+000 9.51E-002 +/- 1.40E-002
U-235 1.000 4385.50% 3.44E+4000 +/- 7.46E-001 1.41E-001 +/- 2.08E-002
U-238 0.992 4184 .40* 4.03E+0C01 +/- 6.18E+000 8.63E-002 +/- 1.27E-002

A
5|17
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369: 5 2 5 3 5 4 7 9
Sample Title: 17
Channel|------ [ === |------- |------- |---=---- |-==---- |------- |------- |
377: 4 7 8 1 2 3 10 &
385: ] 7 11 6 3 14 5 15
393: 190 13 14 13 12 18 20 13
401: 16 18 19 22 23 30 23 36
409: 28 42 29 38 33 31 36 48
417 54 50 43 55 46 68 54 55
425 52 48 63 72 67 58 76 80
433 67 62 71 80 59 77 47 57
447 : 42 21 15 4 3 2 Q 0
449 ; 0 0 0 0 0 0 0 0
457 0 0 0 0 0 0 0 0
465 0 0 0 0 0 0 0 ¢
473 : 0 0 0 0 0 0 0 0
481 : 0 0 0 0 0 0 0 1
489: 0 0 0 0 0 0 0 0
497 : 0 1 1 0 0 0 0 0
505: 0 0 0 0 0 0 0 0
513: 0 0 0 0 0 0 0 0
521: 0 0 0 0 0 1 0 0
529: 0 0 1 0 1 0 0 0
537: 0 0 0 0 1 0 0 1
545: 0 1 0 0 0 0 1 0
553: 0 1 0 0 0 0 0 0
561: 0 1 2 0 0 a 0 1
569: 1 3 1 0 1 1 2 1
577: 0 0 0 1 3 0 1 0
585: 3 2 1 1 2 4 1 2
593; 3 4 .2 2 4 9 5 4
601: 2 8 8 5 6 2 3 5
609: 6 5 5 5 6 4 7 6
617; 6 12 6 9 2 3 2 2
625: 5 0 0 0 0 0 0 0
633: 0 0 0 0 0 0 0 0
641; 0 0 0 0 0 0 0 0
649: 0 0 0 0 0 0 0 0
657: 0 0 0 b 0 0 0 0
665: 4 0 0 0 0 0 0 0
673: G 4] 0 0 0 0 0 0
681: 0 0 0 0 0 0 0 0
689: 0 0 0 0 0 0 0 0
697: 0 0 0 0 0 0 0 0
705: 0 0 0 0 0 0 0 0
713: 0 0 0 0 0 0 0 0
721; 0 0 0 0 0 0 0 0
729: 0 0 0 0 0 0 0 0
737: 0 0 0 0 0 0 0 0
745 0 0 0 0 0 0 0 0
753: 0 0 0 0 0 0 0 0
761 0 0] 0 0 1 0 0 0
769 : 0 0 0 0 0 0 0 0
777 0 4] 0 0 0 0 0 0
785 0 0 0 0 0 0 0 a
793: 0 1 0 0 0 0 0 0
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e Apex-Alpha”

<
Sample Description: HTC-A02-5002-0612-01 i%?
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\000019217 é?%
Batch Identification: 1707084A-UU
Sample Identification: 18
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 044
Chamber Serial Number: 04026481B
Detector Serial Number: 84168
Env. Background: System Bkgd 193362
Reagent Blank: <not performeds
Sample Size: 1.200E+000 +/~ 0.000E+000 gram
Sample Date/Time: 5/15/2017 6:37:59 AM
Acquigition Date/Time: 8/17/2017 4:34:00 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.605 mL

.1967 +/- 0.0112
.1793 +/- 0.0030 on 11/18/2016 10:08:42 AM
.0974 +/- 0.0653

Effective Efficiency:
Counting Efficiency:
Chem, Recovery Factor:

HC o

Peak Match Telerance: 0.150 MeV

Energy Net Pk Area  Anmbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.270 367.83 10.22 0.17 0.0CGE+000Q 25.8
U-234 4.722 152.15 15.94 0.85 0.00E+0GO 10.6
U-235 4.408 10.66 61.14 0.34 ¢.00E+000 3.0
U-238 4.151 137.83 16.71 0.17 0.00E+0Q00 6.0

Id Energy Activity MDA
Nuclide Conf. {keV) {pCi/gram ) (pCi/gram )
g-232 0.9%92 5302.50% 4.15E+000 +/- 4.63E-001 4.71E-002 +/~ 5.26E-003
U-234 0.989 476L.50% 1.71E4+000 +/- 3.33E-001 6.73E-002 +/- 7.52E-003
U-235 0.9986 4385.50% 1.48E-001 +/- 9.19E-002 6.63E-002 +/- 7.41E-003
U-238 0.992 4184 .40* 1.54E+000 +/- 3.10E-001 4.67E-002 +/- 5.22E-003

AZ;//?

i
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Progedure Degcription:

Detector Name:

Chamber Seriazl Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Accuisition Date/Time:
Acgquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Teolerance:

Alpha”

HTC-AQ2-85002-1218-01
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\C00c01917
1707084A-T0

i9

Shelf 2

U iso

Alpha 045
04026482A

91131

System Bkgd 193363
<not performeds

1.040E+000 +/-

5/15/2017 £:37:59 AM

8/17/2017  4:34:02 PM
170.0 minutes
170.0 minutes

0.000E+000 gram

U232_UU-10A

0.603 mL

0.2186 +/- 0.0120

0.1688 +/- 0.002% on 11/18/2016 10:08:40 AM
1.2952 +/~ 0.0742

0.150 MeV

Enexrgy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.272 407.15 9.73 0.85 0.00E+Q00 12.5
U-234 4.726 262.49 12.11 0.51 0.00E+000 7.0
U-235 4,375 14 .83 51.24 0.17 0.C00E+000 4.5
Uu-238 4.150 254 .83 12.28 o.17 0.00E+000 11.6
T = Tracer Peak used for Effective Efficiency
~~~~~ NUCLIDE ANALYSIS RESULTS AR
1d Energy Activity MDA
Nuclide Conf (kev) (pCi/gram ) {(pCi/gram )
U-232 0.993 5302.50%* 4.77E+000 +/- 5.11E-001 7.01E-002 +/- 7.52E-0Q03
U-234 0.991 4761 .50%* 3.07E+000 +/- 4.96E-001 6.13E-002 +/- 6.57E-003
U-235 0.99% 4385 .50%* 2.14%R-001 +/- 1.12E-001 6.01E-002 +/- 6.45E-003
U-238 0.991 4184 .40%* 2.96E+000 +/- 4.83E-001 4.85E-002 +/- 5.20K-003
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_=Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguigition Date/Time:
Acguigition Live Time:
Acguigition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha”

HTC-A02-8002-1824-01
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917
17070844A-U0

29

Shelf 2

U iso

Alpha 046
04026482B

58762

System Bkgd 193364
<not performeds

1.050E+000 +/- 0.000E+000 gram
5/15/2017 6:37:59 AM
8/17/2017  4:34:05 PM

170.0 minutes

170.0 minutes

U232_UU-1CA

0.604 mL

0.2161 +/- 0.0119

0.1713 +/- 0.0029 om 11/18/2016 10:08:38 AM
1.2615 +/- 0.0725

0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
U-232 T 5.278 403.15 9.77 0.85 0.00E+G0O0 13.3
U-234 4,724 101,32 19.55 0.68 0.00E+000 3.0
U-235 4.443 4,15 107.12 0.85 0.GO0E+000 3.0
U-238 4.146 88.15 20.99 0.85 0.00E+000 13.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf {keV) {pCi/gram ) {pCi/gram )
U-~232 0.996 5302.50% 4.73E+000 +/- 5.09E~001 7.02E-002 +/- 7.%6E-003
U-234 0.920 4761 .50% 1.19E+000 +/- 2.65E-001 6.60E-002 +/- 7.10E-003
U-235 0.977 4385.50%* 5.99E-002 +/- &.45E-002 8.64E-002 +/- 9.30E-0023
U-238 0.990 4184 .40% 1.03E+000 +/- 2.42E-001 6.97E-002 +/- 7.51E-003

mw
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__=Apex-Alpha”

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :8M7/2017
Time : 6:50:22 AM

8M17/2017 6:50:22 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 8/17/2017 5:20:17 AM
Alpha 004 21f ALL Passed 8/17/2017 5:20:18 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 8/17/2017 5:20:18 AM
Alpha 011 2 ALL Passed 8/17/2017 5:20:19 AM
Alpha 012 211 ALL Passed 8/17/2017 5:20:20 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Passed 8/17/2017 5:20:21 AM
Alpha 015 217 ALL Not Doge
Alpha 016 21f ALL Not Done
Alpha 033 Alpha Analyst! 00DC ALL Passed 8/17/2017 5:20:22 AM
Alpha 034 Alpha Analyst100DC ALL Passed 8/17/2017 5:20.24 AM
Alpha 035 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:25 AM
Alpha_036 Alpha Analyst[00DC ALL Passed 8/17/2017 5:20:27 AM
Alpha 037 Alpha Analysti0DC ALL . Passed 8/17/2017 5:20:29 AM
Alpha 038 Alpha Analysti 00DC Peak Energy ¢34/ Action 8/17/2017 5:20:31 AM
Alpha 039 Alpha Analyst100DC ALL vV Passed 8/17/2017 5:20:32 AM
Alpha 040 Alpha Analyst100DC Peak FWHM ¢ pt— Action 8/17/2017 5:20:34 AM
Alpha 041 Alpha Analyst100DC ALL Not Done
Alpha 042 Alpha Analyst100DC ALL Not Done
Alpha 043 Alpha Analyst160DC ALL Passed 8/17/2017 5:20:37 AM
Alpha 044 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:39 AM
Alpha 045 Alpha Analyst] 00DC ALL Passed | 8/17/2017 5:20:.41 AM
Alpha 046 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:44 AM
Alpha 047 Alpha Analyst100DC ALL Passed 8/172017 5:20:46 AM
Alpha 048 Alpha Analysti00DC ALL Passed 8/17/2017 3:20:49 AM
Alpha 049 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:51 AM
Alpha 050 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:54 AM
Alpha 051 Alpha Analyst1 00DC ALL - Not Done
Alpha 052 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:57 AM
Alpha 053 Alpha Analyst1 00DC ALL Passed 8/17/2017 5:20:59 AM
Alpha 054 Alpha Analyst[00DC ALL Passed 8/17/2017 5:21.02 AM
Alpha 055 Alpha Analyst100DC ALL Not Done
Alpha 056 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:05 AM
Alpha 057 Alpha Analyst1Q0DC ALL Passed 8/172017 5:21:08 AM
Alpha 038 Alpha Analyst!100DC ALL Passed 8/17/2017 5:21:10 AM
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Page 2 of 2

Review of QA Resuits - Pulser Check

8/17/2017 6:50:22 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:17 AM
APPROVED BY: <
APPROVAL DATE: Ele—
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Library Listing Report 6/12/12 12:17:04 PM Page 1

**************************'k*************************************‘k‘k‘k‘k'ir'k'k‘k*

Fokkkk LIBRARY LISTING REPORT Fhkhk
T R T PR S T L R F T RSS2 222 2 A A A AL A e R A

Nuclide Library Title: Uranium

Nuclide Library Description: U-232,-234,-235,-238

Nuclide Half-Life Energy Enerqgy Yield Yield

Name (Seconds) {keVv ) Uncert. (kev ) (%) Uncert. (Abs.+-)
u-232 2.174E+009 5302.500%* ¢.0900 ©9.8000 0.0000
U-234 7.731E+012 4761.500*% 0.000 99,8000 0.0000
U-235 2.221E+016 4385 .500% 0.000 80.9000 0.0000
JU-238 1.410E+017 4184 .,400% 0.000 100.2300 0.0000

* = key line

TOTALS: 4 Nuclides 4 Energy Lines
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SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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Apex-AIpha“"

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Tinme:
Acguisition Real Time:

Tracer Certificate:
Tracer Quantity:
EBffective Efficiency:

SPIKE

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001917

1707084A-TH
01

Shelf 2

Th iso

Alpha 003

3

System Bkgd 1353346

<not performed

1.000E+000 +/
8/17/2017 5
8/17/2017 8

>

- 0.0C0E+000 gram

:148:06 AM
:24:03 AM

170.0 minutes
170.0 minutes

Th229_S TH-18A

0.472 mL
0.2170 +/- ©

.0129

.59E-003
.36E-003
.05E-003
.19E-002

Counting Efficiency: 0.1562 +/- 0.0027 on 11/19/2016 1:08:16 PM
Chem, Recovery Factor: 1.3893 +/- 0.0860
Control Certificate Name: NatTh Th-8
Chem. Recov. of Control: TH-232 1.213060 +/- 0.097796
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.872 9.81 66.87 1.19 0.00E+000 0.0
TH-228 5.400 486.81 8.90 1.19 0.00E+000 32.5
TH-229 T 4,882 391.32 9.92 0.68 0.00E+000 16.1
TH-230 4.631 535.45 8.49 2.55 0.00E+0Q0 24.0
TH-232 3.983 481.66 8.93 0.34 0.00E+0Q0 31.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS o
id Energy Activity MDA

Nuclide Conf. (kev) (pCi/gram ) (pCi/gram
TH-227 0.998 5850.C0%* 1.23E-001 +/- 8.34E-002 8.25E-002 +/- @
TH-228 1.000 5400.00%* 5.95E+000 +/- 8.71E-001 8.05E-002 +/- 9
TH-229 0.999% 4872.00%* 4.,80E+000 +/- 5.58E-001 6.92E-002 +/- 8
TH-230 0.9391 4672.C00% 6.55E+000 +/- 9.43E-001 1.03E-001 +/- 1
TH-232 0.99%9 3957 .00%* 5.88E+000 +/- 8.62E-001 5.84E-002 +/- 6

.79E-003
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Sample Title: 01

Elapsed Live time: 10201

Elapsed Real Time: 10201
Channel|------ [ [ [EE—— [ [E—— [ R |
1: 10201 10201 0 0 0 0 0 0
9: 1 0 1 0 0 0 0 0
17: 0 0 0 0 0 1 0 2
25: Q 0 1 O 0 1 1 0
33: 1 0 0 0 1 1 0 0
41 : 0 0 0 0 0 0 0 0
49: 0 0 ¢ 0 0 1 0 0
57: 2 2 0 2 0 G 1 1
65: 0 1 0 0 1 0 0 0
73: 0 1 1 1 0 0 0 0
81: 4] 0 0 0 1 1 0 1
89: -1 1 0 0 1 1 1 G
97: 0 2 0 3 0 0 3 1
105b: 1 o 0 0 1 2 0 2
113: 2 1 4 2 2 1 1 1
121: 3 0 0 1 2 4 3 1
129;: 0 4 6 1 4 6 2 6
137: 3 7 5 1 6 8 7 10
145: & 9 6 11 6 8 10 13
153: 5 12 10 13 14 15 i3 15
i161: 14 7 8 21 19 15 22 18
169: 30 17 19 27 17 17 21 25
177: 11 4 6 2 2 2 0 0
185: 0 0 a 0 1 0 0 1
193: 0 0 0 0 0 0 0 0
201: 0 0 o 1 0 0 1 0
209: 1 0 1 0 4] 0 2 0
217: Q 1 0 0 0 0 0 0
225: 0 0 0 0 0 0 0 0
233: 0 0 0 0 1 0 0 0
241 : 0 0 0 1 0 1 0 0
249: 0 1 0 0 0 0 0 0
257: 0 0 0 0 1 0 0 0
265: 0 0 0 0 0 0 0 0
273: 0 1 0 0 0 0 0 0
281: G 0 0 1 1 0 0 0
289: G 0 0 0 1 0 1 0
297: G 1 2 1 Q 1 0 2
305: 2 1 0 3 0 0 0 0
313: 1 0 1 0 1 0 1 0
321: 1 1 1 1 1 0 0 0
329: 2 1 0 1 2 1 1 1
337: 1 0 3 2 4 1 2 2
345: 1 3 5 2 3 2 2 3
353: 1 3 0 4 1 0 2 4
361: 2 3 2 3 3 7 6 2
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LY QRP
MéApex-Alpha“ )

Sample Description: BLANK

Spectrum File: YW\OR-ALPHAL\Canberra\Apexalpha\Root\Data\00001916
Batch Identification: 1707084A-TH

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 004

Chamber Serial Number:
Detector Serizl Number: 4

Env. Background: System Bkgd 193347
Reagent Blank: <not performed:
Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 8/17/2017 5:48:06 AM
Acguigition Date/Time: 8/17/2017 8:24:04 AM
Acquigition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: Th229 S8 TH-18A
Tracer Quantity: 0.236 mL
Effective Bfficiency: 0.1628 +/- 0.0144
Counting Efficiency: 0.1883 +/- 0.0032 on 11/19/2016 1:08:17 PM
Chem. Recovery Factor: 0.8646 +/- 0.0781
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT e

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeaV) Pk Area Error % Backgnd Backgnd {kaV)
TH-227 5.758 2.43 138.29 0.51 0.00E+000 2.9
TH-228 5.377 -0.70 317.50 1.70 0.00E+000 2.9
TH-229% T 4.854 146.47 16.29 1.53 0.00E+000 6.2
TH-230 4.666 13.81 55.34 1.1¢ 0.00E+000 2.9
TH-232 3.917 1.98 176.34 1.02 0.00E+000 2.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—---
Id Energy Activity MDA

Nuclide Conf . (kev} (pCi/gram } (pCi/gram )
TH-227 0.957 5850.00% 4,16E-002 +/~ 5.79E-002 8.76E-002 +/- 1.52E-002
TH-228 0.997 5400.00% -1,14E-002 +/~ 3.63E-002 1.20E-001 +/- 2.08E-002
TH-229 0.998 4872.00%* 2.39E+000 +/- 4.16E-001 1.168~-001 +/- 2.02E-002
TH-230 1.000 4672.00%* 2.25E-001 +/- 1.31E-001 1.07E-001 +/- 1.87E-002
TH-232 0.967 3997.00* 3.22E-002 +/- 5.71E-002 1.03E-00% +/- 1.78E-002

e
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Sample Title: 02

Elapsed Live time: 10200
Elapsed Real Time: 10200

Channel|------ |------- |------- [------- |~=----- |- |------- |------- |
1: 10200 10200
9:

17:
25:
33:
471:
49;
57:
65:
73:
81:
89:
97:
105:
113:
1271:
129:
137:
145:
153
161:
169:
177:
185:
1923:
201
209;
217:
225:
233:
247 :
249:;
257
265
273
281:
289:
297:
305:
313:
321:
329;:
337:
345;
353
361:

OO0 C OO COOCOO0O0O00CO0O0CCOOMOOOOCODOODO0OO0OO0OC OO0 CO0O000COOO0C

OO C OO0 O0OCOO0OO0ODO0OOCO0OO0OOCODODCODOO0OO0OOC OO0 OOCO

PO COOoOOCOoOOoOOoOOOoOCOoOCODOoOCOOO0000 00000000000 CcC OO COOO
COoOO0OO0OO0OCO0O0C OO0 COOOCODDOC OO0 0O0C OO0 COOHOOCOO0O0O0O0O0O0D0O0COO0
O OO0 OO0 000000000 COODCOOODC OO0 OO0 COOODCOOOCOTOCOODOOOCO0C
COO0O0C OO0 0O 0000 OO0 OO0 OOOOCORPROOOOOOO0CO00O00O00000O0
OO 0O OO0 OOOCO0O0COoOO0OO0OC OO0 COO0OCODOO0OO0DOCOoOOO0COODO0O0OO0O
OO OO0 OO CO0O0OO0O0OO0COHHOCOO0OO00OD OO COODOCOO0CCO0DO0OO0O0O00O0O0O0O0O0O00C0OCO0O
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_=Apex-Alpha”

M WY

Sample Degcription: HTC-AQ1-8008-3036-01~-DUP

Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001915
Batch Identification: 1707084A-TH

Sample Identification: 03

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 010

Chamber Serial Number:
Detector Serial Number: 10

Env. Background: System Bkgd 193348

Reagent Blank: <not performeds

Sample Size: 1,015E+000 +/- 0.000E+0C0 gram
Sample Date/Time: 5/13/2017 5:48:06 AM
Aoquisition Date/Time: 8/17/2017 8:24:05 AM
Acquisgition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-18A

Tracer Quantity: 0.237 mL

Effective Effigiency: 0.1649 +/- 0.0147

Counting Efficiency: 0.1872 +/- 0.0032 on 13i/1%/2016 1:08:16 PM
Chem. Recovery Factor: 0.8806 +/- 0.0800

Peak Match Teclerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.798 2.62 173.921 2.38 0.00E+000 2.9
TH-228 5.346 45,22 31.25 5.78 0.0CE+00CO0 3.6
TH-229 T 4.868 149,22 16.40 5.78 0.00E+0Q00 9.4
TH-230 4.625 52.13 27.71 1.87 0.00E+000 4.4
TH-232 3.950 40.28 32.08 2.72 0.00E+000 3.6
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf . (kev) (pCi/gram ) {(pCi/gxram )
TH-227 0.986 5850.00% 4.29E-002 +/- 7.50E-002 1,.34E-001 +/- 2.35E-002
TH-228 0,985 5400.00%* 7.88E-001 +/- 2.82E-001 1.96E-001 +/- 3.43E-002
TH-229 1.000 4872.00% 2.37E+000 +/- 4.15E-001 1.79E-001 +/- 3.13E-002
TH-230 0.989 4672.00% 8.27E-001 +/- 2.71E-001 1.20E-001 +/- 2.10E-002
TH-232 0.98¢% 3397.00%* 6.38E-001 +/- 2.33E-001 1.36E-001 +/- 2.38E-002
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Sample Title: 03

Elapsed Live time: 10200

Elapsed Real Time: 10200
Channel | ------ [EE— (R [RE [EEN— [ [ R |
1: 10200 10200 0 0 0 0 0 0
9: 0 0 0 0 0 0] 0 0
17: 0 0 0 0 g 0 0 0
25: 0 0 0 0 0 0 0 0
33: 0 0 0 0 0 0 0 0
41: 0 0 0 0 0 0 0 0
49: 0 0 0 0 0 1 0] 0
57: 0 0 0 0 0 0] 0 0
65: 0 0 0 0 0 0 0 0
73 C 0 d 0 0 0 0 0
81: 0 0 0 0 0 0 0 0
89: 0 0 0 0 0 0 0 1
97: 0 0 0 1 0 0 0 0
105: 0 0 0 1 0 0 0 1
113: 0 0 0 0 0 0 0 0
127 0 1 0 1 0 0 0 1
129; 1 0 1 0 ] 0 0 0
137: 0 0 Q 1 0 1 1 1
145: 0 1 0 2 o] 1 2 1
153: 1 1 1 1 1 2 1 2
161 0 0 0 1 0 3 1 2
169: 0 0 0 0 1 1 1 0
177: 2 1 0 0 0 0 1 1
185: 0 0 0 0 0 0] 0 0
193: 0 0 0 0 0 0 0 0
201: 0 0 0 0 0 #] 0 0
209: 0 0 0 0 1 0 0 0
217: 0 0 0 0 0 0 0 0
225: 0 0 0 0 0 0 0 0
233: 0 0 0 0 0 0 0 0
2471 0 0 0 0 0 0 0 ¢
249: 0 0 0 0 0 0 0 0
257: 0 0 0 0 0 0 0 0
265: 0 0 0 0 0 0 0] 1
273 0 0 0 0 0 0 0] 0
281: 0 0 0 0 G 0 0 1
289: 0 0 0 0 0 0 8] 0
297: 0 0 0 0 0 0 0 0
305: 0 0 0 0 0 0 0 0
313: 0 0 0 0] 0 0 0 0
321: 0 0 0 0 0 0] 0 0
329: 0 0 0 0 0 0] 0 0
337: 0 0 0 0 0 0 0 0
345: 0 0 0 1 0 0] 1 0
353; 1 0 0 0 1 0] 0 0
361; 1 2 0 0 1 o] 1 1
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_Snpex-Alpha”

Sample Description:

Spectrum File:

Batch Identification:
Sample Identification:

Sample Geometry:

Procedure Daescription:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:
Sample Date/Time:

HTC-2A01-5008-3036-01
\\OR—ALPHAl\Canberra\ApexAipha\Root\Data\o0001916

04

1707084A-TH

Shelf 2

Th iso

Alpha 011

11

System Bkgd 193349
<not performed:

Acqguisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

1.016E+000 +/-
5/13/2017
8/17/2017
170.0 minutes
17¢.0 minutes

5:48:06 AM
8:24:06 AM

Th22% 5 TH-18A

0.000E+000 gram

.80E-002
L11E-002
.54E-002
.84E-002

Tracer Quantity: 0.236 nL
Effective Efficiency: 0.1892 +/- 0.0157
Counting Efficiency: 0.1991 +/- 0.0034 on 11/19/2016 1:08:17 BM
Chem. Recovery Factor: 0.9501 +/- 0.0804
Peak Match Tolerance: 0.175 MeVv

————— PEAK AREA REPORT -———

Energy Net: Pk Area ambient Reagent FWHM
Nuclide {(MeaV) Pk Area Error % Backgnd Backgnd {kev)
TH-227 5.872 1.986 208.51 2.04 0.00E+000Q 2.8
TH~228 5.374 43.28 30.87 2,72 0.00E+00CQ 11.1
TH-229 T 4.865 170.64 i5.07 1.36 0.00E+000 3.0
TH-230 4.636 62.62 25.31 2.38 0.00E+000 7.4
TH-232 3.9567 58.49 25.76 0.51 0.00E+000 3.3

= Tracer Peak used for Effective Efficiency

~~~~~ NUCLIDE ANALYSIS RESULTS -————-

Id Energy Activity MDA

Nuclide Conf (kev) {pCi/gram ) (pCi/gram
TH-227 0.997 5850.00% 2.79E-002 +/- 5.84E-002 1.11E-001 +/- 1
TH-228 0.9%96 54G0.00%* 6.578E-001 +/- 2.29E-001 1.30E-001 +/- 2
TH-229 1.000 4872.00% 2.36E+000 +/- 3.84E-001 9.50E-002 +/- 1
TH-230 0.%93 4672.00% 8.65E-001 +/- 2.60E-001 1.13E-001 +/- 1
TH-232 c.992 3897.00%* 8.06E-001 +/- 2.46E-001 7.23E-002 +/- 1

i

.1B8E-002
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KRR ARI K AR AR A LRI AR R R AR A kR KAk hkhhkh kAR A kA kAR AR Ak d Tk hk k&

Sample Title: 04

Elapsed Live time: 10201

Elapsed Real Time: 10201
Channel|------ |- | === |=--=---- |------- |---=--- |--m--- |-==---- |
1: 10201 10201 0 0 0 0 0 0
9: 0 0 0 0 0 0 0 1
17: 0 0 0 0 0 0 4] 1
25: 0 0 0 0 0 0 0 0
33: 0 0 1 0 0 0 0 0
41: 0 0 0 0 0 0 0 0
49: 0 0 0 0 4] 0 0 o
57: 0 o 0 0 Q 0 0 0
65: 1 1 0 1 g 0 0 0
73: 0 0 0 0 1 0 0 0
81: 0 0 0 0 0 0 0 0
89: 0 1 1 1 0 0 0 0
97: 0 1 0 1 0 2 0 1
105: 1 0 1 0 0 0 1 1
113: 1 0 1 0 1 0 2 2
121: 0 1 1 2 0 0 1 3
129: 0 3 G 3 2 1 2 0]
137;: 2 2 3 1 2 1 1 2
145: 0 2 0 0 0 0 0 0
153: 0 0 0 0 0 0 0 g
161: 0 0 0 0 0 0 0 0
169: 0 1 0 0 0 0 0 0
177: 0 0 0 0 0 0 0 0
185: 0 0 0 0 0 0 0 0
183: 0 0 0 0 0 0 0 0
201: 0 0 0 0 0 0 0 0
209: 0 0 0 1 0 0 0 0
217: 0 0 0 0 1 0 0 0
225: 0 0 0 0 0 0 0 0
233: 0 0 1 0 0 0 0 0
2471 : 0 0 0 1 Q 0 0 1
249: 0 0 0 0 0 0 0 0
257: 0 0 0 0 4] 0 0 0
265: 0 0 0 0 Q 0 0 0
273 0 0 0 1 g 0 0 0
281: 0 0 0 0 0 0 0 0
289: 1 1 0 0 0 0 0 0
297 : 0 0 0 0] 1 0 0 0
305: 0 0 0 1 0 0 0 0
313 0 0 0 0 0 0 0 0
321: 0 0 0 0 0 0 0 0
329: 0 G 0 8] 0 0 0 0
337: 0 o 0 0 0 1 1 1
345: 0 0 0 4] 2 0 0 0
353: 1 1 1 8] 0 0 0 0
361: 0 2 0 O 1 1 1 0
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_==Apex-Alpha”

HTC-A01-5008-3642-01
\\OR-ALPHAl\Canberra\Apexalpha\Root\Data\00001916
17070844~ TH

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Numbexr:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguizition Date/Time:
Acquisition Live Time:
Acquisgition Real Time:

Tracer Certificate:

05

Shelf 2
Th iso

Alpha 012

12

System Bkgd 183350
<not performeds

1.0B0E+000 +/-

5/13/2017 &
8/17/2017 8
170.0 minutes
170.0 minutes

:48:06 AM
:24:07 AM

Th229 S TH-18A

0.000E+000 gram

18 PM

MDA

{pCi/gram }

/- 1.22E-002
+/~ 1.91E-002
+/- 1.19E-002
+/- 1.12E-002

Tracer Quantity: 0.236 mL
Effective Efficiency: 0.2051 +/- 0.0164
Counting Efficiency: 0.1881 +/- 0,0032 on 11/19/2016 1:08:
Chem. Recovery Factor: 1.0905 +/- 0.0892
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area Ambient Reagent
Nuclide (MeV) Pk BArea Exrror % Backgnd Backgnd
TH-227 5.875 4.98 97.79 1.02 0.00E+00C
TH-228 5.368 112.60 18.79 3.40 0.00E+000
TH~-229 T 4.876 184 .98 14.46 1.02 0.00E+00C
TH-230 4.629 111.15 18.67 0.85 C.00E+00C
TH-232 3.958 133.64 17.06 1.36 0.00E+000Q

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE AWNALYSIES RESULTS -——--
Id Inergy Activity

Nuclide Cont. {keV) {pCi/gram }
TH-227 0.997 5850.00%* 6§.16E-002 +/- 6.10E-002 7.79E-002
TH-228 0.995 5400.00%* 1.48E+000 +/- 3.63E-001 1,.22E-901
TH-228% 1.000 4872 .00% 2.22E+000 +/- 3.4%E-001 7.57E-002
TH-230 ¢.991 4672 .00%* 1.33E+000 +/- 3.25E-001 7.17E~-002
TH-232 0.992 3997.00%* 1.60E+000 +/- 3,70E-001 8.2CE-002

G
1 7// 7

+/- 1.29E-002

0234
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Sample Title: 05
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Elapsed Real Time: 10201
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_=Apex-Alpha”

Sample Description: HTC-A01-5008-4248-01
Spectrum File:
Batch Identification: 1707084A~-TH

Sample Identification: ce

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 014

Chamber Serial Number:

Detector Serial Number: 14

Env. Background: Sysatem Bkgd 193351
Reagent Blank: <not performed:

1.270E+000 +/- ©0.000E+000 gram
5/13/2017 5:48:06 AM
B/17/2017 8:24:08 AM

170¢.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Aoquisition Live Time:
Acguisition Real Time:

Tracer Certificate: Th229 S TH-18A

\\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001916

Tracer Quantity: 0.235 mL
Effective Bfficiency: 0.2032 +/- 0.0164
Counting Efficiency: 0.1847 +/- 0.0032 on 11/19/2016 1:08:18 PM
Chem. Regovery Factor: 1.1000 +/- 0.0907
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPCRT -—----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.872 2.98 134.37 1.02 0.00E+000 2.9
TH-228 5.391 91.47 20.69 1.53 0.00E+000 6.5
TH-229 T 4 .885 182.30C 14.60 1.70 0.00E+000 3.8
TH-230 4.649 91.81 20.61 1.1© 0.00E+000 8.8
TH-232 3.959 95.15 20.20 0.85 0.00E+0GO 8.1

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———m-
1d Energy Activity MDA

Nuclide  Conf (keV} (pCi/gram } {(pCi/gram
TH-227 0.897 5850.00% 3.16E-002 +/- 4.28E-002 6.69E-002 +/- 1.06E-002
TH-228 0.9299 5400.00% 1.03E+000 +/- 2.69E-001 8.03E~-002 +/- 1.27E-002
TH-229 0.997 4872.00%* 1.88E+000 +/- 2.97E-001 7.58E-002 +/- 1.20E-002
TH-230 0.987 4672.00%* 9.44E-001 +/- 2.45E-001 6.78E-002 +/~ 1.07E-002
TH-232 0.293 3897 .00% 9.77E-001 +/- 2.51E-001 6.15E-002 +/- 9.72E-003

Ay
#17/17
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Sample Title: 06

Elapsed Live time: 10201

Elapsed Real Time: 10201
Channel |------ [ [EEE— [EE— [ [EE— [ [~ |
1: 10201 10201 0 0 0 0 0 0
9: 0 0 0 0 0 0 0 0
17 Q 1 0 0 0 0 1 0
25: 0 Q 0 0 0 0 0 0
33: 4] 1 0 0 0 0 0 0
471; 0 0 0 0 0 0 0 0
49: 0 0 0 0 0 0 0 0
57: 0 0 0 0 0 1 0 0
65: 0 0 1 0 0 0 0 0
73: 1 0 0 0 0 Q 0 0
81: 0 0 0 0 0 1 0 G
89: 0 0 0 0 0 1 0 0
97: 0 0 0 0 1 1 0 0
105: 0 0 0 0 0 0 1 0
113: 0 0 0 0 0 0 0 1
121: 0 0 G 0 1 2 2 1
129: 1 0 0 0 0 0 1 1
137: 0 0 1 0 0 1 3 2
145: 4] 3 3 1 3 2 0 0
153: 1 1 0 2 2 2 1 i
161: 1 5 3 1 6 7 4 2
169: 2 5 6 5 4 1 0 1
177 2 0 0 0 0 0 0 0
185: 0 0 0 0 0 0 0 0
193: 0 0 0 0 0 0 0 0
201: 0 0 0 0 0 Q 0 0
205: 0 0 0 0 0 1 0 0
217: 0 0 0 0 0 0 0 0
225: 0 0 0 0 0 0 0 0
233: 0 0 0 0 0 0 0 0
241: 0 0 0 0 0 0 0 0
249: 0 0 0 0 0 0 0 0
257 0 0 0 0 0 0 0 0
265: 0 0 0 0 0 0 0 0
273 0 0 0 0 0 0 0 0
281: 0 0 0 0 0 0 0 0
289: 4] 0 0 0 0 0 0 0
297: 0 0 0 0 0 0 0 0
305: 0 0 1 0 0 0 0 1
313: 0 0 0 0 0 0 0 0
321 G 0 0 0 0 0 0 0
329: o 0 0 0 0 0 0 0
337: 0 0 0 0 0 0 1 0
345: 0 0 0 0 0 0 1 0
353: 0 0 0 1 1 0 0 0
361: 0 0 0 0 0 0 1 0
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_=Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Accquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:

Alpha”

HTC-A02-5001-0006-01
\\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001916

1707084A-TH
07

Shelf 2

Th igo

Alpha_049
10006121A
49

System Bkgd 193367
<not performeds

1.135E+000 +/
5/15/2017 5
8/17/2017 8

- 0.000E+000 gram

:48:06 AM
:24:10 AM

170.0 minutes
170.0 minutes

Th229 S_TH-18A

0.236 mL
0.1421 +/- ©

.0124

0.1488 +/- 0.0026 on 11/18/2016 3:34

120 FM

MDA

Chem. Reccovery Factor: 0.9547 +/- 0©.0913
Peak Matc¢h Tolerance: 0.175 MeV
————— PEARK AREA REPORT e
Energy Net Bk Area Ambient Reagent
Nuclide (MeV) Pk Area Brror % Backgnd Backgnd
TH-227 5.883 23.32 41.27 0.68 0.00E+000
TH-228 5.362 5.78 97.97 2.21 0.00E+00QQ
TH-229 T 4.853 127.98 17.41 1.02 0.00E+000
TH-230 4.619 594,15 8.05 0.85 0.00E+0CO
TH-232 3.975 8.49 69.59 0.51 0.0CE+000
T = Tracer Peak usged for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS anm—-
id Energy Activity
Nuclide Conf. {keV) {(pCi/gram )
TH-227 0.994 5850.00%* 3.96E-001 +/- 1.79E-001 9.58E-002
TH-228 0.992 5400.00%* 1.04E-001 +/- 1.04E-001 1.44E-001
TH-229 0.9298 4872.00% 2.11E+000 +/- 3.89E-001 1.04E-001
TH-230 0.985 4672.00% 9.78E+000 +/- 1.97E+000 9.85E~002
TH-232 0.997 3997.00% 1.39E-001 +/- 1.00E-0Q01 8.62E-002

+/- 1.77E-002
+/- 2.66E-002
+/- 1.92E-002
+/- 1.82E-002
+/- 1.59E-002
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_=Apex-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

HTC-A01-S001-0006-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001916
1707084A-TH

Sample Identification: 08

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 05C
Chamber Serial Number: 10006121R
Detector Serial Number: 50

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 193368
<not performeds

1.134E+000 +/- 0.000E+000 gram
5/13/2017 5:48:06 BAM
8/17/2017 8:24:12 AM

170.0 minutes

170.0 minutes

Th229 S_TH-18A

Tracer Quantity: 0.235 mL
Effective Efficiency: 0.1247 +/- 0.0125
Counting Efficiency: 0.1433 +/- 0.0025 on 11/18/201l6 3:34:18 EM
Chem. Recovery Factor: 0.8702 +/- 0.0883
Peak Match Tolerance: 0.175 MeV

————— DPEAK AREA REPCRT ————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd  Backgnd (keV)
TH-227 5,855 22.81 42.27 1.19 0.00E+000 3.0
TH-228 5.344 319.45 11.02 2.55 0.00E+000C 6.6
TH-229 T 4.881 111.958 18.62 1.02 0.0CE+00Q0 5.3
TH-230 4.606 669.62 7.59 2.38 0.C0E+000 40.9
TH-232 3.942 288.32 11.56 0.68 0.00E+000 7.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSTIS RESULTS -
Id Energy Activity MDA

Nuclide Conf {keV) {pCi/gram )} {pCi/gram )
TH-227 1.000 5850.00%* 4.42E-001 +/- 2.06E-001 1.28E~001 +/- 2.50E-002
TH-228 0.984 5400.00%* 6.59E4+000 +/- 1.48E+000 1.73E-001 +/- 3.39E-002
TH-2285 1.000 4872 .00% 2.11E+000 +/- 4.13E-001 1.19E-001 +/- 2.32E-002
TH-230 0.978 4672,00%* 1.26E+001 +/- 2.64E+000 1.54FE-001 +/- 3.01E-002
TH-232 0.984 3997.00% 5,40E+000 +/- 1.23E+000 1.06E-001 +/- 2.07E-002

i
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_—=Apex-Alpha”

Sample Description: HTC-A02-8001-0006-01 MSD
Spectrum File: Y \OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001916
Batch Tdentification: 1707084A-TH
Sample Identification: 09
Sample Gecmetry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 052
Chamber Serial Number: 100061238
Detector Serial Number: 52
Env. Background: System Bkgd 193369
Reagent Blank: <not performed:
Sample Size: 1.129E+000 +/- 0.000E+000 gram
Sample Date/Time: s/15/2017 5:48:06 AM
Acquisition Date/Time: 8/17/2017 8:24:14 AM
Acquigition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: Th223_ S TH-18A
Tracer Quantity: 0.235 mL
Effective Efficiency: 0.1490 +/- 0.0137
Counting Efficiency: 0.1737 +/- 0.0030 on 11/18/2016 3:34:15 PM
Chem. Recovery Factor: 0.8579 +/- 0.0804
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -—-—=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.861 22.66 41.53 0.34 0.00E+000 3.0
TH-228 5,327 365.32 10.27 0.68 0.60E+000 9.7
TH-229 T 4.862 133.49 17.00 0.51 0.C0E+00Q0 4.0
TH-230 4.593 903 .64 6.53 1.36 0.C0E+000 23.7
TH-232 3.926 369.32 10.21 0.68 0.00E+000 28.96

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———--
Id Energy Activity MDA

Nuclide Conf. {keV) {pCi/gram ) (pCi/gram )
TH-227 0.993 5850.00%* 3.69E-001 +/- 1.67E-001 7.79E-002 +/- 1.41E-002
TH-228 0.973 5400.00% 6.32E+000 +/- 1.31E+000 9.76E-002 +/- 1.76E-002
TH-229 1.000 4872.00% 2.11E+000 +/- 3.81E-001 8.30E-002 +/- 1.50E-Q02
TH-230 0.968 4672.00%* 1.43E+001 +/- 2.74E+000 1.08E-001 +/- 1.95E-002
TH-232 0.974 3987.00%* 5.82E+000 +/- 1.21E+000 8.88E-002 +/- 1,60E-002

S
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__Mpex-Alpha”

Sample Description: HTC=-A02-5001-0006-02
Spectrum File: \\OR-ALPHAl\Canberra\BApexAlpha\Root\Data\00001917
Batch Identification: 1707084A-TH
Sample Identification: 10
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_ 053
Chamber Serial Number: 100061224
Detector Serlal Number: 53
Env. Background: System Bkgd 1932370
Reagent Blank: <not performed>
Sample Size: 1.330E+000 +/- 0.000E+000 gram
Sanmple Date/Time: 5/15/2017 5:48:06 AM
Acguisition Date/Time: 8/17/2017 §:24:15 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th228 S TH-1BA
Tracer Quantity: 0.235 mbL
Effective Efficiency: 0.0883 +/- 0.0104
Counting Efficiency: 0.1515 +/- 0.0026 on 11/18/2016 3:34:14 PM
Chem. Recovery Factor: 0.5830 +/~ 0.08691
Peak Match Tolerance: 0,175 MeV

————— PEAK AREA REPORT —-————=

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.887 55.32 26.54 0.68 0.00FE+000 3.5
TH-228 5.381 17.48 47.66 0.51 0.00E+000 4.5
TH-229 T 4.898 79.15 22.17 0.85 0.00F+000C 8.2
TH-230 4.666 1388.32 5.26 0.68 0.00E+000 50.2
TH-232 3.988 29.83 36.01 0.17 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ————-
Id Energy Activity MDA

Nuclide Conf. (keV) {pCi/gram ) (pCi/gram }

L03E-002
. 98E-002

L29E+000 +/-
L34FE-001 +/-

.53E-001
.29E-001

L32E-001 +/-
L30E-001 +/-

LLAEHQCL +/-
LI3E-001 +/-

LA0E+000
.88E-001

L27E~001 +/-
LAZE-002 +/-

&72// 7

0 1 4 1 3
0. 1 2 1 2
TH-229 0.896 4872.00%* 1.7%E+000 +/- 4.12E-001 1.36E-001 +/- 3.
1 3 7 1 2
1 6 2 2 i

12E-002

.93E-~-002
.16E-002
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_=Apex-Alpha”

Sample Description:
Spectrum File:

Batch Identification: 1707084A-TH
Sample Identification: 11

Sample Geometry: Shelf 2
Procedure Descripticn: Th iso
Detector Name: Alpha 054
Chamber Serial Number: 100061228

Detector Serial Number: 654
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time: 5/15/2017 5
Acquisition Date/Time: 8/17/2017 8

Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

HTC-AC2~8001-0612-01
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Datat00001916

System Bkgd 193371
<not performed:>

1.030E+000 +/- 0.000E+000

:48:;06 AM
:124:17 AM

170.0 minutes
170.0 minutes

Th229_ S _TH-18A

gram

.71E-002
.87E-002
.96E-002
.82E-002

Tracer Quantity: 0.224 mL
Effective Efficiency: 0.1389 +/- 0.0132
Counting Efficiency: 0.1363 +/- 0.0024 on 11/18/2016 3:34:12 PM
Chem. Recovery Factor: 1.0191 +/- 0.0986
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ———--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.91¢9 46.66 28.82 0.34 0.00E+000 5.2
TH-228 5.366 44 .13 30.23 1.87 0.00E+000 6.3
TH-229 T 4.863 124.32 17.63 0.68 0.C0E+000 4.7
TH-230 4.629 967.49 6.30 0.51 0.00E+000 43.3
TH-232 3.962 6l.66 25.04 0.34 0.00E+000 4.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -——--
Id Energy Activity MDA

Nuclide Conf . {keVv) (pCi/gram ) {(pCi/gram
TH-227 0.976 5850.00% 8.93E~001 +/- 3.07E-001 9.16E-002 +/- 1
TH-228 0.994 5400.00% 8.98E-001 +/- 3.19E-001 1.54E-001 +/- 2
TH-229 1.000 4872.00%* 2.31E+000 +/- 4.31E-001 1.08E-C01 +/- 1
TH-230 0.950 4672.00% 1.79E4+001 +/- 3.53E+000 9.73E-002 +/- 1
TH-232 0.593 3997.00* 1.14E+000 +/- 3.57E-001 8.85E-002 +/- 1

sl

.65E-002
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_—==Apex-Alpha” ¥

)

Sample Description: HTC-A02-8001-1218-01

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001914&
Batch Identification: 1707084A-TH

Sample Identification: 12

Sample Geometry: Shelf 2

Procedure Degcription: Th iso

Detector Name: Alpha 056

Chamber Serial Number: 100061248

Detector Serial Numbker: 5§

Env. Background: System Bkgd 193373

Reagent Blank: «<not performed:

Sample Size: 1.150E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Acquisgsition Date/Time: 8/17/2017 8:24:19 BM
Acguisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229_S TH-182

Tracer Quantity: 0.236 mL

Effective Efficiency: 0.1359 +/- 0.0131

Counting Efficiency: 0.15%5 +/- 0.0027 on 11/18/2016 3:34:09 PM
Chem. Reccvery Factor: 0.8523 +/- 0.0834

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.891 14,64 53.94 1.386 0.00E+00Q 3.0
TH-228 5,362 106.47 18.15 1.53 0.00E+GO0 6.9
TH-229 T 4.865 122.30 17.87 1.70 0.00E+000 7.4
TH-230 4.619 297.32 11.38 0.68 0.00E+000 8.8
TH-232 3.953 87.81 21.08 1.19 0.00E+Q0C 5.6
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—---
1d Energy Activity MDA
Nuclide Conf . (keV) {pCi/gram ) (pCi/gram )
TH-227 0.9291 5850.00%* 2.57E-001 +/- 1.47E-001 1.20E-001 +/- 2.27E-002
TH-228 0.588 5400.00% 1.98E+000 +/~ 5.33E-001 1.32E-001 +/- 2.50E-002
TH-229 1.000 4872 .00% 2.08E+000 +/- 3.93E-001 1.25E-001 +/- 2.36E-002
TE-230 0.s585 4672,00* 5.05E+000 +/- 1.1l1E+000 9.58E-002 +/- 1.81E-002
TH-232 0.990 3987.00%* 1.49E+000 +/- 4.21E-001 1.12E-001 +/- 2.11E-002

;??7/ 7
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_=Apex-Alpha”

Sample Description: HTC-AG2-8001-1824-01
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001916
Batch Identification: 1707084A-TH
Sample Identification: 13
Sample Geometry: Shelf 2
Procedure Desgcription: Th isc
Detector Name: Alpha 057
Chamber Serial Number: 01017326A
Detector 8Serial Number: 57
Env. Background: System Bkgd 193374
Reagent Blank: <not performeds
Sample Size: 1.380E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Aequisition Date/Time: 8/17/2017 8:24:21 AaM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 S TH-18A
Tracer Quantity: 0.236 mL
Effective Efficiency: 0.1338 +/- 0.0129
Counting Efficiency: 0.1646 +/- 0.0028 on 11/18/2016 3:34:08 PM
Chem., Recovery Factor: 0.8128 +/- 0.0795
Peak Match Tolerance: 0.175 MeV

wwwww PEAK AREA REPORT -—--=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Exror % Backgnd Backgnd (keV)}
TH-227 5.891 6.00 86.43 0.00 0.00E+000 3.0
TH-228 5.338 102.83 19.35 Q.17 0.00E+000 15.8
TH-229 T 4,851 120.66 17.87 0.34 0.00E+000 7.9
TH-230 4.607 81.66 21.74 0.34 0.00E+000 3.3
TH-232 3.9238 97.00 20.00 0.c0 0.00E+000 8.5

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Conf . {keV} (pCi/gram ) (pCi/gram )
TH-227 0.591 5850.00% 8.90E-002 +/- 7.88E-002 8.90E-002 +/- 1.68E-002
TH-228 0.280 5400.00% 1.62E+000 +/- 4.38E-001 6.58E~002 +/- 1.24E-002
TH-229 0.9%98 4872.00% 1.74E+000 +/- 3.28E-001 6.89E-002 +/- 1.30E-002
TH-230 0.978 4672.00% 1.17E+000 +/- 3.38E-001 6.87E-002 +/- 1.30E-002
TH-232 0.982 3997.00%* 1.39E+000 «/- 3.83E-001 8.60E-002 +/- 1.62E-002

ﬁ(fv(w
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__ZApex-Alpha”

HTC-A02-5001-2430-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001916
1707084A-TH

Sample Desgcription:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Degcription:

Detector Name:

Chawmber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
hcquisition Date/Time:
Acquisition Live Time:
Acguisition Real Time:

Tracer Certificate:

14

Shelf 2
Th iso

Alpha 058
01017326B

58

System Bkgd 193375
<not performed:

1.11CE+000 +/- ©0.000E+000
5/15/2017 5:48:06 AM
8/17/2017  B8:24:23 AM

170.0 minutes
170.0 mimuites

Th22% S TH-18A

gram

.37E-002
.60E-002
.46E-002
.16E-002

Tracer Quantity: 0.235 mL
Effective Efficiency: 0.1536 +/- 0.0140
Counting Efficiency: 0.1665 +/- 0.0028 on 11/18/2016 3:34:06 PM
Chem. Recovery Factor: 0.9225 +/- 0.0853
Peak Matceh Tolerance: 0.175 MeV

————— PERK AREA REPORT -————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.872 6.66 78.18 0.34 0.00E+000 3.0
TH-228 5.361 83.49 21.53 0.51 0.00E+000 15.9
TH-229 T 4.860 137.49 16.75 0.51 0.00E+000 9.9
TH-230 4.623 77.83 22.25 0.17 0.00E+000 7.4
TH-232 3.980 59.13 25.96 1.87 0.00E+000 5.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf. {keV) {(pCi/gram ) (pCi/gram
TH-227 0.997 5850.00% 1.07E-001 +/- 8.58E-0C2 7.68E-002 +/- 1
TH-228 0.992 5400.00% 1.43E+000 +/- 3.98E-001 8.96E-002 +/- 1
TH-229 0.999 4872 .00%* 2.15E+000 +/- 3.83E-001 8.20E-002 +/- 1
TH-230 0.988 4672.00%* 1.21E+000 +/- 3.45E-001 6.50E-002 +/~ 1
TH-232 0.588 3987.00% 9.19K-001 +/- 2.89E-001 1.18E-001 +/- 2

éﬁ?ﬁ

.10E-002
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=Apex-Alpha”

Sample Description:
Spectrum File:
Batch Identification:

1707084A-TH

Sample Identification: 15

Sample Geometry: Shelf 2
Procedure Description: Th isgo
Detector Name: Alpha_ 059
Chamber Serial Number: 10006125A

Detector Serial Number: b9

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Acguisition Real Time:

Tracer Certificate:

znot performed

1.060E+000 +/

Tracer Quantity: 0.234 mL

REfective

Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Nuclide

Efficiency:

0.175 MeV

Syatem Bkgd 193376

>

Th229 S TH-18A

HTC-AQ2-8001-3036-01.
\\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001916

0.000E+000 gram

5/15/2017 5:48:06 AM
8/17/2017 8:24:25 AM
170.0 minutes
170.0 nminutes

0.2080 +/- 0.0166
0.1776 +/- 0.0030 on 11/18/2016
1.1712 +/- 0.0955

Ambient
Backgnd

Reagent
Backgnd

FWHM
{keV

3:40:57 PM

)

Energy Net Pk Area
{MeV) Pk Area Error %
5.855 5.32 91.11
5.364 61.15 25.27

T 4.868 186.00 14 .41
4.623 144.83 16.30
3.963 65.00 24 .50

.00E+000
.00E+000
.00E+000
.00E+000
.COE+0C0

{(pCi/gram }

MDA

.11E-002
.40E-001

.94E-001

Id Energy Activity
Conf. {keV)
1.000 5850.00%* 6.61E-002
0.993 5400.00%* 8.078-001
1.000 4872.00%* 2.25E+0400
0.9588 4672.00% 1,74E+000
0.95%4 3997.00% 7.81lE-001

6
2
3.51E-001
3
2

L27E-001

;{77//7

7.01E-002
7.90E-002
7.24E-002
5.02E-002
7.20E-002

.10E-002
Z24E-002
.138-002
.86E-003
.13E-002
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_ZApex-Alpha”

Sample Description: HTC-A02-8001-3642-01

Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\0000191¢
Bateh Identification: 1707084A-TH

Sample Identification: 16

Sample Geometry: Shelf 2

Procedure Description: Th is=o

Detector Name: Alpha_06C

Chamber Serial Number: 10006125B

Detector Serial Number: 60

Env. Background: System Bkgd 193377

Reagent Blank: <not performeds>

Sample Size: 1..080E+000 +/- O0.C00E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Acguisgition Date/Time: 8/17/2017 8:24:27 AM
Acquisition Live Time: 17¢.0 minutes

Agquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-18A

Tracer Quantity: 0.236 mL

Effective Efficiency: 00,1100 +/- 0.011é

Counting Efficiency: 0.1477 +/- 0.0026 on 11/18/2016 3:34:04 PM
Chem. Recovery Factor: 0.7449 +/- 0.0798

Peak Match Tolerance: 0.175 MeV

Nuglide

Nuclide

Energy Net Pk Area  Ambient Reagent FWHM
{MeV) Pk Area Error % Backgnd Backgnd {keV}
5.859 1.79 229.05 2.21 0.00E+000 3.0
5.358 h4 .96 27.01 2.04 0.00E+G0Q0Q 4.9

T 4.861 98.98 15.82 1.02 0.00E+000 4.0
4.624 53.13 27.44 1.87 C.00E+000Q 3.0
3.943 50.98 27.77 1.02 0.00E+000 4.9

T = Tracer Peak used for Effective Efficiency

Id Enerqgy Activity MDA

Conf. (kev) (pCi/gram ) {pCi/gram )

1.600 5850.00%* 4.13E-002 +/- 9.50E-002  1.84E-001 +/- 3.B2E-002
0.991 5400.00%* 1.35E+000 +/- 4.58E-001 1.91E-001 +/- 3.96E-002
0.999 4872 ,.00%* 2.22E+000 +/- 4.60E-001 1.41E-001 +/- 2.93E-002
0.988 4672,00% 1.19E+000 +/- 4.0BE-001 1.69E-001 +/- 3.51E-002
0.985 3987.00% 1.14E+000 +/- 3.94E-001 1.41E-001 +/- 2.,91E-002

#q

8 ({7/(7

0289
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__2Mpex-Alpha”

Sample Degeription:
Spectrum File:
Batch Identification:

Sample Identification: 17

Sample Geometry: Shelf 2
Procedure Description: Th iseo
Detector Name: Alpha_ 033
Chamber Serial Number: 040264794

Detector Serial Number: S1132

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

1.220E+000 +/-

5/15/2017 5
8/17/2017 9
170.0 minutes
170.0 minutes

HTC-A02-8002-0006-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001916
1707084A-TH

System Bkgd 193353
<not performed:

:48:06 AM
:32:10 AM

Th229 S_TH-18A

C.000E+G0O0 gram

.23E-002
.78E-002
.5BE-002
.10E-~002

Tracer Quantity: 0.234 mL
Effective Efficiency: 0.0609 +/- 0.0085
Counting Efficiency: 0.1681 +/- 0.0029 on 11/18/2016 10:08:33 AM
Chem. Recovery Factor: 0.3621 +/- 0.0511
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT —————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.892 50.83 27.55 0.17 0.C0E+000 3.4
TH-228 5.371 14,58 52.62 1.02 0.00E+000 4.5
TH-225 T 4.864 54.32 26.79 0.68 0.00E+000 4.5
TH-230 4.625 1070.83 5.99 0.17 0.00E+000 36.6
TH-232 3.949 16.00 50.51 Q.00 0.00E+000 4.5

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -——=-
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/gram ) (pCi/gram
TH-227 0.991 5850.00* 1.88E+000 +/- 7.29E-001 1.54E-001 +/~ 4
TH-228 0.9585 5400.00%* 5.87E-001 +/- 3.48E-001 2.47E-001 +/- &
TH-229 1..000 4872 .00% 1.95E+000 +/- 5.385E-001 2.02E-001 +/- &
TH-230 $.989 4672.,00%* 3.83E+001 +/- 1.08E+001 1.49E-001 +/- 4
TH-232 0.588 3997.00%* 5.71E-001 +/- 3.28E-001 2.14E-001 +/- 5

?71?7,/(7

.88E-002

0294



¢ :9dAL 10¥

T :9dAL 10Y

e e
(A9 Abuau3
0059 I
T ! _Agﬂj:é T L 0
1S
W 401
+1
+4-0z
g =462
408
f_ ¢
+-ov
+sv
405
156
[T07 012760 /T Onv nyp Je3s by H
(A2N)S QTS H20T © dois :
(A TSPET  t34EIS slom
395 QOE 00701 BULL |ESH -
235 000(070T: SlLL 3ALT .

AND " 869T6T0000

0295

S1unod



1

Page

khkkk*k
e e |

REPORT

12:35:18 PM
kkkhk kA A RRRRFRKN T Ik E R AR R R Ak hhhkhdhkhhkkhhhhhkhhkdrdhhhhh bk

8/17/2017
DATRA

10200
10200

17

Ak k kR F Rk h ok hkkkh kRN Ak khkh kR kT AR ARk kkhkhhhh kR kAR ATKF RS
SPECTRATL

Channel Data Report
*hkkk
Sample Title:
Elapsed Live time:
Elapsed Real Time:

COoO0000O000HOOOOODOOOHODOOHOOHODOOOCOOOLOOOOOOAOCOMAWMO

0
0
Q
0

0
0
0
0
0
0

OO0 HOOOOODOOOUOCOOOOLOOOoCOOOCOOLLOOOCOOOOOHOND

0
0
0
0

OO0 0000O0O00O0O0CO0OHOOOOOOOOOOAHdOOHO0OOCOOOoOONANND

1
0
0
0
1
0

SO0 0C0000O000DO0O00O0COOOOrMOoOOOOO0OOOOHOONAO-HOANM

0
0
0
0

OO0 00O0HOOOOOOOOLOOOoOONOOOOOOLOLOOOOANHOOAACSNW

0
0
0
0
1
0

OCO0O000O0O0O00O0OHOO0OCOOHO0OO0O0COOCOLDO0OOOOOCOAANOOHdm

O OO0 0CO0O00COoO000OO0OOCOdldoHdOCOOC 000100 OO0 OOCO dMmAN

1
9:

FnMmAdG~nM AN HOAR M AN AdOEDMAAN M el >N M AN M
HNMFF OO GO ANNMNMHEW OO ANMHHENO-0ONO JANNMH N0
A i A A A A AN NNENNN NN

Channel [-==-~--|====-==|=rr-c—o]|=mmcemm|mmmm oo m -

0296



2

Page
26
20

16
21
22
50
22

16
18
31
37

23
16
36

12:35:18 344
39

8/17/2017
15
22
33
29

15
18
23
29
48
11

17

11
18
16
20
40
13

i2
23
22
33

Sample Title:
12

377:
385:
393:
4071:
409:
417 :
425
433
441
449:
457
465:

369:
I B ] e Bt

Channel Data Report

NO OO

473
481:
489:
497 :

[ 2N o R oo Ry o BY o

OO O0O0C

OO0 OO0

505:
513:
521:
529:
537:
545
EG523:
561:
569:
577:
585:
593
601 :
609;
617
625:
633
641:
649:
657:
665:
673
681:
689;
687
705:
713
721

[ ey an ) an

OO ™

O mMmoO

OO A0

— O

— Qo O -

OO0 COH O

729
737
745:
753

0297

761:
769;:
777 :
785:
793



3

Page

12:35:18 ®M

8/17/2017

Channel Data Report

801:

17

Sample Title:

=R e R elele

OO HOM™

OO O

cCoO OO

ar~-wmnon -
O N M
o 0 00 0 0

HO OO OOOO

Moo OoO0OO0 00

oy R an B ae o B B &0 B0

O OO C OO

OO OCOOO0

A~ mMmddoi~wm
WD~ WO
00 00 CO QO Q0 Q) 0 Oy

OO OO0 OO0
OO OO OO
OO O OO 0O oOoO0o
O OO OodA0O
OCOO0OO0O0O0O0O0O
fo I B T e I s Y @ L € 4
OO0 O OO0
OO OO 0O 0o
M OV Es 1 M O
IS B Ko - V4 SR ke JRte]
A GGy O Y

977 :

585:

o O

993
1001 :
1009:

1017

0298



_EMpex-Alpha”

Sample Description: HTC-A02-8002-0612-01

Spectrum File: \\OR-ALPHAL\Canberra‘\ApexAlpha\Roct\Data\00001916
Batch Identification: 1707084A-TH

Sample Identification: 18

Sample Geometry: Shelf 2

Procedure Description: Th isc

Detector Name: Alpha 034

Chamber Serial Number: 040264798

Detector Serial Number: 91136

Env. Background: System Bkgd 193354

Reagent Blank: <not performeds:

Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Acquisition Date/Time: 8/17/2017 9:32:11 AM
Acquigition Live Time: 170.¢ minutes

Acguisition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-18A

Tracer Quantity: 0.235 mL

Effective Efficiency: 0.1780 +/- 0.0152

Counting Efficiency: 0.1728 +/- 0.0029 on 11/18/2016 10:08:58 AM
Chem. Recovery Factor: 1.0298 +/- 0.0894

Peak Match Tolerance: 0.175 MeV

bient

Reagent

ckgnd Backgnd

Nuclide

.00E+000
.00E+C00
.00E+00GC
.00E+000

————— PEAK AREZ REPOR
Energy Net Pk Area Am
{(MeaV) Pk Area Exrror % Ba
5.898 13.64 56.08
5.360 79.64 22.18
T 4,859 159.49 15.55
4.630 151.49 15.96
3.954 91.83 20.48

.00E+000

.23E-001
.62E~001

S8E-001

L.22E-001

MDA,

{pCi/gram )
1.06E-001 +/- 1.76E-002
1.12E-001 +/- 1.87E-002
7.85E-002 +/- 1.31E-002
7.83E-002 +/- 1.31E~-002
6.21E-002 +/-~ 1.04E-002

————— NUCLIDE ANALYSIS RES

Id Energy Activity
Conf. (keV) (pCi/gram
¢.988 5850.00* 2.10E-001 +/- 1
C.5892 5400.00%* 1.30E+000 +/- 3
0.999 4872 .00%* 2.39E+000 +/- 3.
0.991 4672.00%  2,26E+000 +/- 5
0.591 3997.00%* 1.37E+000 +/- 3

.61E-001

i
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_—=Apex-Alpha”

Sample Description: HTC-A02-8002-1218-01

Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001916
Batch Identification: 1707084A-TH

gample Identificatiom: 19

Sample Geometry: Shelf 2

Procedure Description: Th isc

Detector Name: Alpha 035

Chamber Serial Number: 04026477A

Detector Serial Number: 58771

Env. Background: System Bkgd 193355

Reagent Blank: <not performeds>

Sample Size: 1.010E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Acquisition Date/Time: 8/17/2017 9:32:06 AM
Aegquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 8 TH-18A

Tracer Quantity: 0.235 mL

.1738 +/- 0.0149
.i580 +/- 0.0027 on 11/18/2016 10:08:56 AM
.0999 +/- 0.0964

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

R Cc o

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ampient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd  Backgnd (kev}
TH-227 5.898 7.32 76.28 0.68 0.00E+000 3.0
TH-228 5.370 76.66 22.44 0.34 0.00E+000 9.0
TH-229 T 4,866 155.83 15.71 Q.17 0.00E+000 7.1
TH-230 4.632 216.00 13.37 0.00 0.00E+0Q00 4.6
TH-232 3.954 67.83 23.83 0.17 0.00E+0QQO 6.0

Id Energy Activity MDA
Nuclide Conf . {keV) {pCi/gram ) {pCi/gram )
TH~227 0.988 5850.00% 1.14E-001 +/- 8.93E-002 §.81E-002 +/- 1.48E-002
TH-228 0.995 5400.00%* 1.,27E+000 +/- 3.57E-001 7.93E-002 +/- 1.34E-002
TH-229 1.000 4872 .00%* 2.36E+000 +/- 3,98E-001 6.33E-002 +/- 1.07E-002
TH-230 0.9392 4672.00% 3.27B+000 +/- 7.03E-001 9.07E~002 +/- 1.53E-002
TH-232 0.990 3987.00% 1.02E+000 +/- 2.98E-001 6.30E-002 +/- 1.06E-002

s/;?f/v
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Sample Desgcription: HTC-A02-5002-1824-01
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001916
Batch Identification: 1707084A-TH
Sample Tdentification: 20
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_036
Chamber Serial Numbker: 04026477B
Detector Serial Number: 84167
Env. Background: System Bkgd 193356
Reagent Blank: <not performeds
Sample Size: 1.130E+4+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/2017 5:48:06 AM
Acquisition Date/Time: 8/17/2017 9:32:08 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th229 5 TH-18A
Tracer Quantity: 0.234 nL
Effective Efficiency: 0.1721 +/- 0.014%
Counting Efficiency: 0.1824 +/- 0.0031 on 13/18/2016 10:08:54 AM
Chem. Recovery Factor: 0.9439 +/- 0.0833
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -————

Enexgy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.854 6.66 78.18 0.34 0.00E+00C 3.0
TH-228 5.361 88.98 20.92 1.02 C.00E+000 4.5
TH-229 T 4,868 153.98 15.86 1.02 0.00E+000 6.7
TH-230 4,618 96.81 20.06 1.19 0.00E+000 4.2
TH-232 3.949 79.49 22.07 0.51 0.00E+000 5.2

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSTS RESULTS m———
Id Energy Agtivity MDA

Nuclide Conf (kev) {pCi/gram ) (pCi/gram )
TH-227 0.99¢0 5850.00* 9,38E-002 +/- 7.51E-002 6.73E-002 +/- 1.14E-002
TH-228 0.992 5400.00% 1.33E+000 +/- 3.59E-001 9.43E-002 +/- 1.60E-002
TH-229 1.000 4872.00%* 2.11E+000 +/- 3.58E-001 8.62E-002 +/- 1.46E-002
TH-230 0.985 4672 ,.00%* 1.32E+000 +/- 3.47E-001 8.99E-002 +/- 1.53E-0Q02
TH-232 0.988 3997.00%* 1.08E+000 +/- 3.01E-001 7.1%E-002 +/- 1,21E-0Q02
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QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :8M7/2017
Time : 6:50:22 AM

8/17/2017 6:50:22 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 8/17/2017 5:20:17 AM
Alpha 004 21f ALL Passed 8/17/2017 5:20:18 AM
Alpha 005 2L ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Dons
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 8/17/2017 5:20:18 AM
Alpha 011 21f ALL Passed 8/17/2017 5:20:19 AM
Alpha 012 2if ALL Passed 8/17/2017 5:20:20 AM
Alpha 013 21f ALL Not Done
Alpha 0]4 21f ALL Passed 8/17/2017 5:20:21 AM
Alpha 015 21F ALL Not Done
Alpha 016 21§ ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:22 AM
Alpha 034 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:24 AM
Alpha 035 Alpha Apalyst100DC ALL Passed 8/17/2017 5:20:25 AM
Alpha 036 Alpha Analystl00DC ALL Passed 8/17/2017 5:20:27 AM
Alpha 037 Alpha Analyst100DC ALL _ Passed 8/17/2017 5:20:29 AM
Alpha 038 Alpha Anatyst]1 00DC Peak Energy r.%jpfg Action 8/17/2017 5:20:31 AM
Alpha 039 Alpha Analyst100DC ALL v Passed 8/17/2017 5:20:32 AM
Alpha 040 Alpha Analyst100DC Peak FWHM & Fnt— Action 8/17/2017 5:20:34 AM
Alpha 041 Alpha Analyst100DC ALL Not Done
Alpha 042 Alpha Analyst100DC ALL Not Done
Alpha (43 Alpha Analyst}00DC ALL Passed 8/17/2017 5:20:37 AM
Alpha 044 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:39 AM
Alpha 045 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:41 AM
Alpha 046 Alpha Analyst]1 00DC ALL Passed 8/17/2017 5:20:44 AM
Alpha 047 Alpha Analyst100DC ALL Passed §/17/2017 5:20:46 AM
Alpha 048 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:49 AM
Alpha 049 Alpha Analyst!00DC ALL Passed 8/17/2017 5:20:51 AM
Alpha 030 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:54 AM
Alpha 05] Alpha Analyst100DC ALL Not Done
Alpha 052 Alpha Analyst100DC ALL Passed 8/17/20175:20:57 AM
Alpha 053 Alpha Analyst100DC ALL Passed 8/17/2017 5:20:59 AM
Alpha 054 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:02 AM
Alpha 055 Alpha Analyst100DC ALL Not Done
Alpha 056 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:05 AM
Alpha 057 Alpha Analyst100DC - ALL Passed 8/17/2017 5:21.08 AM
Alpha 038 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:10 AM

0314




Page 2 of 2

Review of QA Resulfs - Pulser Check

8/17/2017 6:50:22 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 8/17/2017 5:21:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed §/17/2017 5:21:17 AM
APPROVED BY: <
APPROVAL DATE: Glz—
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